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6 6  
1 
P REF ACE 
As e f f i c i e n cy of pro du c t i o n b e c om es i n cr e a s i n g l y  
more i m p or t an t t he se arc h f o r  use fu l g e n e t i c t o o l s  a n d  
res o urc es i n t ensi f i es . 
s ys t em d i f f e r e n c e s  
R ese arch c onc ern i n g  b r e e d  o r  ma t i n g 
has r a p i d l y  e x p an d e d  s i n c e  t h e 
i n tro d uc t i on o f  n um erous c on t i n e n t al bre e ds i n t o  t he U . S . 
( Di cke rson a n d  W i l l ham , 1 98 3) .  Be e f c a t t l e p r o d uc t i o n  i n  
t h e  U. S. i s  extrem e l y  d i v ers e .  R ese arch c o n c ern i n g  ge n o t yp e  
b y  e n v ironm e n t i n t e r a c t i o n s  i n  c a t t l e  an d o t h e r  s p e cie s 
( D i ck erso n , 1 9 6 2 ; Burns e t  a l . ,  1 97 9; Ko g e r  e t  a l . ,  1 97 9; 
G w a z d a uskas , 1985) i n d i c a t e s  n e e d  f o r  gre a t e r  un d e r s t an din g 
o f  bre e d  an d m a t i n g  s ys t em p erform an c e  un d e r  man y 
e n vi r o nmedt s .  A l t h o u g h  num e r o us s t ud i es hav e e x am i n e d  b r e e d  
gr oup dif f ere n c es ,  o nly a few ( Kre s s  e t  a l . ,  1 98 4 a , b ;  
R e yn o l ds an d Ur i c k ,  1 984 ) h a v e  b e e n  p e r f o rm e d  in 
e n v i r o n men t s  c omp arab l e  t o  w e s t e r n  S o u t h  D ak o t a  n a t iv e 
r a n g e . P r o duc e r s  i n  t h e Up p e r  G r e a t  P l a i n s  st a t e s a r e  fac e d  
w i t h h arsh e n v i ro n m e n t ,  ev i d e n c e d  b y  re s t r i c t e d  r a i n fa l l ,  
l a r ge t e mp e r a t u r e  e x t r emes and l i m i t e d f e e d  a v a i l ab i l i t y .  
Th i s  c a n  l e a d  t o  c o n c e r n wh e n  c o n fron t e d  w i t h n ew b r e e d s  o r  
mat i n g  sy s t em s  p o t e n t i a l l y  r e qu i r i n g  a dd i t i o n a l  f e e d . a n d  
man a g e m e n t .  C o n t i n e n t a l  bre e d s  o f  l arger s i z e  an d ( o r) 
h i gh e r  m i l k  p r o d u c t i o n h a v e  e
,
n e r gy r e q u i r e m e n t s  e x c e e d i n g 
t h o s e o f  t h e  t r a di ti o n a l  B r i t i s h  b r e e d s . E v ide n c e  ex i s t s · 
t his add e d  e n e r g y  r e q u iremen t  i s  o f f s e t  w i t h highe r . 
2 
p r o d u c t i o n  a t  b o t h w e a n i n g  ( M a rsha l l  e t  a l . , 1 97 6 ; B o w d e n , 
198 0; M arsh a ll e t  a l . ,  1984 ; Ur i ck e t  a l . ,  1984; W a gn e r  e t  
a l . ,  1 98 4) a n d  sl a u g h t e r  o f  t h e c a l f  ( B r o w n  a n d Din k e l , 
198 2 ;  Ur i c k e t  a l . ,  "1984; W a g n er e t  a l . ,  1 9 8 4) . 
T h e  d es i r e t o  c omb i n e  use fu l  b r e e d  t r aits a n d  
u t iliz e h e t eros i s  h as k e p t  bre e d  a n d m a t in g s ys t em 
e v a l ua t i o n a n  i mp o r t an t  t ask f o r  an i m a l bre e d e rs ( D i c k e rson , 
196 9) .  T hr e e  g e n era l s o ur c es o f  ge n e t i c  impro v em e n t based 
on b r e e d  d i f fe r e n c es are a v ai l ab l e : 1) g r a d i n g- up to 
sup eri or bre e ds ; 2) h e t e r osis from syst ema ti c  c r ossb r e e din g 
a n d  3) d e v e l o p me n t  o f  n ew b r e e ds ( D i c k e rso n , 1 96 9 ) . O f  
t h ese t hr e e so urc es , crossb r ee din g is re c o gn i z e d  as t he mo s t  
e f f i c i e n t  m e t h o d  o f  i n cre asin g c omme r cia l p r o d u c t i o n . B e e f  
c at t l e crossb r e e din g striv es t o  simu l t an e o us l y  o p t i•iz e 
n o n a dd i t i v e ( he t e r os i s )  an d a d d i t i v e  ( b r e e d  di f f e r e n c es )  
e f f e c ts ( G r e g o r y  a n d  C u n di f f , 1 98 0) . R o t a t ion a l  
c r ossb r e e d i n g  sys t ems a l so hav e t he a d v a n t a g e  o f  u t i l i z i n g  
ma t e r n a l  h e t e r os i s . Wh i l e l ow e r  in g e n e tic p o t e n t i a l  than 
c r ossb r e e d i n g, d e v e l o pm e n t  of new b r e e d s , c ommo n l y r e f e r r e d  
t o  as s yn t h e t i c  br e e d s , h a s  m e r i t  i n  c om m e r c i a l  b e e f  
p r o d u c t i o n . As c o m p a r e d  t o  c r ossb r e e d i n g , p e r f o rm a n c e  o f  a 
syn t h e tic i s  r es t r i c t e d by a l ow e r  l e v e l  o f  h e t e r o z y g o s i t y, 
an i n ab i l i t y t o  e x p l o i t  b r e e d  d i f f e r e n c es i n  ma t e r n a l v s  
i n d i v i du a l  p e r f o rm a n c e  an d r e c omb i n a t ion l o s s  ( Dic k e r s on, 
1 9 6 9 ) . T h e  s y n t h e t i c b r e e d, howe v e r, d o e s  ha v e  g r e a t e r  
in i tia l h e t e r o z y g o s i t y t h an i t s  p a ren t b r e e d s  an d m ay 
3 
c omb i n e  d esi r ab l e  a d di t i v e  e f f e c ts .  Syn t he t i c s may b e  
use ful i n  sp e c i fic e nv ironme n t s  o r  m a n a ge m en t  pro gram � .  
e s p e c i a l l y  i f  · re c oab in a t ion l osse s  a r e  m i n i ma l . B r e e d  
reso ur c e s  ava i lable fo r d e v e l op i n g  syn t h e t i cs . are-e x t e n s i v e . 
Ex am i n a t i o n o f  ro t a t i o n a l crossb r e e d i n g  sys t em s  a n d  t h e 
v ar i o us b re e d  c om b i n a t i o ns ge n e r a t e d  b y  t he m  m ay o f f e r  
i nsigh t  a s  t o  p o t e n t i a l  p e r fo rman c e  o f  p o s s i b l e s yn t h e t i c  
type s . 
E v alu a t i on o f  bree d s  h a s  d ev e l o p e d  b ey o n d  s i mp l e  
p he n o typic p er form a n c e  c ompar i s o n s  t o  est i m a t i o n o f  t h e 
var i o us g en e t i c  c o mp o n en t s , a dd i t ive an d n o n a d di t i v e , 
c o n tr i b u t e d  by a bre e d  (D i c k e r s o n , 1 96 9 ) . A l e n d a  e t  a l . 
( 198 0 a , b)� D i l lard e t  a l . ( 1 98 0 ) a n d  R o b i s o n  e t  a l . (1981) 
d em o n s t r a t ed m e t h o d s  fo r es t ima t i n g  b r e e d  g e n e t i c  an d 
ma t e rn a l  e ff e c t s  i n  c r o s s b r e d  p o p u l a t i o n s . A l e n d a  an d 
M a r t in ( 1 98 1 )  e x t e n d e d  t he us e o f  r e g r e s s i o n  m o d els t o  allow 
e s t im a t i on o f  o p tim a l  b r e e d  c omb i n a t i o n s . T h i s  p r o c e du r e, 
b as e d  o n  w ork by D i c k e r s o n ( 196 9) , i n v o l v e s  c o n s t r u c t i o n  o f  
a m a t h ema t i c a l  m o d e l  d e s c rib i n g  p e r f o rm a n c e  fo r a t r a i t a s  
t h e s um o f  bre e d  a d d i t i v e ,  b r e e d  h e t e r o t i c , b r e e d  ma t e rn a l  
an d ma t e r n a l  h e t e r o t i c  e f fe c t s . 
C r o s s b r e e d i n g  r e s ul t s  h a v e  b e e n  e x t e n s i v e l y  r e viewe d 
by C un d i f f  
(1980) . 
(1970), 
In h i s  
L o n g  (1980) an d G r e g o r y  
r e v i ew ,  L o n g  (1980 ) 
a n d  C u n di f f  
c a t e g o riz e d 
c r o s s b r e e d i n g  r e s e a r c h  a s  d e a lin g w i t h  . ave r a g e  h ete r o�is , . 
4 
r e c i p r o c a l d i f f e r e n c es a n d  max i mum b r e e d  d i f fe r e n c es ( t ab l e  
1 ) . 
T h e  obj e c t i v es o f  t h e  presen t s t u dy w ere 1) t o  
e v a l u ate prewe an i n g  p e r f o rm anc e u n d er w es t ern So u t h  D ak o t a  
n a t i v e  ran g e  c o n d i t i o ns o f  d i f f ere n t  c o w  b i o l o g i c a l  t yp e s  
an d t h e i r br e e d  c om p os i t i o n , as r e p r ese n t e d by s t r a i gh t b r e d  
H ere f ord (HH) , A n gus-H ere ford cross ( AH) a n d S i mm e n t a l ­
H e r e f o r d  c r oss ( SH) c ows , a n d  2 )  t o  e v a l ua t e  p os t w e a n i n g  
an d s l a u g h t e r  p er f o rman c e  o f  st e er c a l v es fro m  t h e  t hr e e  c ow 
gro u ps . H ere fo r d , An g us a n d  S i mme n t al r e p r ese n t  b e e f  b r e e ds 
w i t h t he l ar g es t  p o pu l a t i ons i n  t h e  U . S . ( L awlo r  e t  a l . , 
1 98 4 ) an d are a lso d i v e rse b i olo g i c al t yp es . B i o l o g i c al 
typ e c omm o n l y  re fe rs t o  d i f f eren c es i n  c ow p hys i o l o gy as 
me asure d by b o d y  s i z e  a n d  l �v e l o f  m i l k  p r o d u c t i o n .  T h e. HH 
c ow i s  g e n e r a l l y  c h arac t er i z e d as m e d i um i n  s i z e  w i t h  
mo d e r a t e  m i l k p r o duc t i o n .  An gus- He r e f o r d c r oss c o w s  a r e  
a l s o  m e d i um i n  s i z e  w i t h m o de r a t e m i l k  p r o du ct i o n .  
S i mm e n t a l -He r e f o r d  c ows a r e  g e n era l l y  l a r ge i n  s i z e  w i t h  a 
h i gh l ev e l  o f  m i l k  p r o d u c t i o n .  
�Q�Y!�!�Qn 
T h e  p o p u l at i o n f o r  t h i s  st u d y  w as i n i t i at e d w i t h  50 
HH an d 50 S H  he i fe rs p u r c h ase d  i n  1 9 7 2 . A l l c a t t l e 
pur c h a s e d  d ur i n g  t h e  s t u dy w e r e  obt a i n e d  a t  w e an i n g .  The 
f i r s t c a l f  c r o p w as p r o d u c e d  i n  1 9 74 . D u e t o  h i gh c a lf 
p r i c es i n  1 9 7 3  a n d h i gh h a y  p r i·c e s  i n  1 9 74 t h e  AH gro up was 
TAB L E  1 .  S UMMAR Y O F  C RO S SB R E E D I NG R E S EARCH R ES U L TS :  
P E RCENT B REED D IF FERE NCE S ( FROM L O N G , l 9 80 )  
e f 
Tra i t  
Ave r a g e  
H e t erosi s  
d Averag e  
R e c i p r o c al 
D i f fere n c e  
Avera g e  
Max imum 
D i ff e r e n c e  
Cal v i n g  r a t e 9 
a 
C a l f s urv i val -1 
b 
C a l f s u rviva l 1 
G es t at i on le n g t h  0 
c 
Dyst o cia 
B i rt h we i gh t  
Prewe an i n g  g ai n  
Wean i n g  we i gh t  
Post we anin g g a i n  
Y e a rl i ng �t 
Po s ty e arlin g w t  
M a t u r e  c ow wt 
Rib Eye Are a  
F a t  Th i c k n e s s 
Q u a l it y  Gr a d e  
















. 5  3 
7 1 7  
9 1 9  
6 16 
5 1 3  
5 13 
3 1 2  
5 . 5  - 3 4  
2 1 3  
1 0  5 0  




A t  bir t h .  
b 
A t  w e a nin g . 
c 
E xpre s s ed a s  c alvin g s c ore d i f f ere n c e  ( 1 - 5  s c a l e) . 
d 
A v era ge H e t er o s i s , % = ( ( cro s s b r e d  m e a n - s t r a i g h t bred 
m e a n) I s t r a i g h t bred m e an) x 1 0 0 . 
e 
Av er a g e  R e c i pro c al D i ff e � en c e , % - = ( �e a n  dif fer e n ce 
amon g  re c i p�o c als I c r o s sbr ed me an) x 100. 
f 
Max i mum D i ff e r en c e, % = ( ( high� s t  g�oup - lo w e s t  g r oup ) 
I mean o f  gr o u p s )  x 10 0 . 
5 
6 
n o t  i n t r o d u c e d  i n t o  t h e s t ud y  u n t i l  1975 . T h e  f i r s t  AH c a l f  
c r op w as p r o du c e d  i n  1 97 7 . I n  a d d i tion t o  t h e  t h r e e  b r e e d  
g r o u p s  ( t ab l e  2 ) , s e v e n  w i t h i n  r otat i o n b r e ed c l as s e s  w e r e  
ava i lable (t able 3) . S t e e r· c alve s  p r o d u c e d  f r om e ac h  o f  
t h e s e  t h r e e  b r e e d  g r o u p s  w e r e  t h e  s ou r c e  o f  da t a  f o r  t h e 
p o s t w e an i n g  a n aly s e s  ( t ab l e  4). T h i s  s t u dy i n c l u d e s  10 
y e a r s  o f  r e c o r ds f r om 197 4 t h r o u gh 1 98 3  f o r  t h e p r e w e a nin g 
an a l y s es an d 1 9 7 5  t hr o u gh 1984 f o r  t h e  p o s t w e an i n g  an a l ys e s . 
�2� M��������! 
P r ew e an i n g  r e c o r d s  i n  t h i s  s t u dy w e r e  ob t a i n e d  f r om 
13 7 9  c ow-c al f  p a i r s a t  t h e An t e l o p e  R a n g e  L i v e s t o c k  S t a t i o n 
n e a r  B u ff alo , So u t h  D ak o t a .  A l l c ow s  w e r e  m a i n t a i n e d ye a r  
r o u n d  o n' n a t i v e r an ge c o mp o s e d  p r e d om i n an tly o f  w e s t e r n 
wh e a t  g r as s , · n e e d l e  an d t hr e a d , p r a i r i e  p i n e  g r a s s , b u f f� l o 
g r a s s a n d  s u n  s e d g e  wi t h  in t e r s p e r s e d  s a g e  b r u s h  v a rie t ie s . 
Typ i c a l  .c a r ry i n g  c ap a c i ty was e s t i m a t e d  a t  1. 0 an i m a l  un i t  
p e r  h e c t a r e  ( J .  K .  L e w is , p e r s o n a l c ommu n i c a t io n ) .  An n u al 
r a i n f al l  a v e r a g e d  
1 98 3 ) .  
3 4 . 6  em d u r i n g  t h e  s t ud y  ( NO A A , 1974-
C a t t l e  r e c e i v e d  w i n t e r  s up p l em e n t a t i o n i n  t h e f o rm 
o f  a l f a l f a o r  g r a s s-a l f a l fa hay . F r om 1974 t h r o u g h  1978 
c ow s  w e r e  r an d omly a l l o t t e d t o  on e o f  t wo m a n a g em e n t g r o u p s . 
Th e s e g r o u p s  w e r e  i d e n tifi e d  as s up e r a n d  r e g u l a r  
m a n a g e m e n t .  S up e r  man a g eme n t con sis t e d  o f  a h i gh e r  e n e r gy 
l e v e l fo r d e v e l o pin g r e p l acemen. t hei fe r s  d u rin g t h eir fi r s t 
TAB L E  2 .  D I S TR I BU T I ON O F  P R E WE A N I NG OBSERVA T I O N S 
BY BRE ED G RO UP AND YE A R  
----------------------------- - ----------- - -- -----------
-
a 
B r e e d  · 7 4  
H H  4 9  
AH 
S H  4 9  
a 
7 5  
3 7  
4 8  
Ye a r  
7 6  7 7  7 8  
4 5  5 5  6 2  
5 8  61 
5 3  63 65 
7 9  80 8 1  8 2  8 3  
6 3  5 2  3 2  
7 3  5 8  4 9  61 61 
7 2  5 6  38 5 9  5 9  
Variable c o d e  de f i n i t i on s  a r e  p r e s en t ed in t able 1. 
TA B LE 3 .  DIS TR I B U TIO N O F  P RE WE AN ING O B S E RV A TIONS 
W I TH I N  RO TA T I ON A N D  YE A R  
======================================================= 
a 
B r e e d  7 4  
H H ( IO O ) .4 9  
AH ( 7 5 )  
AH ( 50 )  
AH ( 2 5 )  
S H ( 7 5 )  
S H ( 50 )  4 9  
SH ( 3 8 )  
7 5  
3 7  
4 8  
7 6  7 7  7 8  
4 5  5 5  6 2 
5 8  61 
8 6 9 
4 5  5 7  5 6  
Y e a r  
7 9  80 81 8 2  83 
63 5 2  3 2  
4 5 1 7  20 
5 7  5 0  3 5  3 4  30 
16 4 9 10 1 1  
1 8  23 20 3 8  36 
5 3  2 9  1 5  17 10 
4 3 4 13 
-------------------------------------------------�-----
a 
Variable c o d e  definitions are presented in table 1. 
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T A B LE · 4 .  D I ST R I B UT I ON O F  PO STWEAN ING O B SERVAT I ONS 
B Y  B REED G RO U P  AND Y E A R  
--------------- - ---------- � ---- - ------ - ---- -- --- - ---- -
- - - -------- - -----
Y e ar 
-----------------------------------------------
a · 






76 77 7 8  7 9  
14 1 8  16 22 
2 1  
1 0  23 2 1  26 
8 0 . 8 1  
16 20 
21 4 1  
1 4  1 6  
82 83 84 
1 1  
22 33 2 8  
15 3 1  33 
V ar i able c o d e  d e f i n i t i o n s  are p r e s en t e d i n  t ab l e 1. 
8 
9 
winter and a 50-day flush each year beginning 30 days prior 
t� the breeding season. Management groups were kept 
separate during the entire year except during the winter of 
1977-1978 when all cows had to be fed in one group due to 
heavy snow. 
reassembled in 
The management groups were 
the spring before breeding. 
subsequently 
More detailed 
description of the aanagement groups and differences was 
presented by Dinkel and Trevillyan (1979). Super management 
was discontinued after the 1978 breeding season and all cows 
were subjected to regular management for the duration of the 
study. 
Except for initial introduction of a breed group 
into the study all replace•ents were generated within the 
herd. Cows were culled only for the following reasons: 
1) Failure to conceive during breeding season. 
2) Palpated reproductive abnormalities. 
3) Disabling physical injury or illness. 
4) Improper breed composition ( al l  three-breed 
cross females were culled). 
Selection of replacement heifers involved additional 
criteria in some years. Selection of replacements went 
through three stages during the study. Initially only 
enough heifers were kept to maintain cow numbers in each 
breed-management group. In 1 9 7 4  this involved selection of 
the top five heifers for weaning weight from each group. In 
following years, 1 9 7 5  to 1 9 80 ,  l i m i t�d n umbers of heife� 
10 
calves in some groups made balanced replacement numbers 
impossible. Starting in 1976 a random portion of the 
selected hei fers were sent to South Dakota State University, 
at Brookings, for use in a cow efficiency stu�y. This 
trans fer of animals and a desire to expand cow numbers 
within the Antelope Range herd resulted in a rapid reduction 
in the number o f  cull hei fers. Beginning in 1981, all 
heifer calves were held back and transferred to Brookings at 
approximately one year o f  age. These hei fers remained at 
Brookings fo� approximately one and one-half years as part 
of the cow e fficiency study. A fter weaning o f  their first 
calf all pregnant two-year old heifers were returned to the 
Antelope Range herd. Analysis of milk production data (t he 
sum of four· separate lactations) collected from first c�lf 
heifers during the cow e fficiency phase indicated least­
squares ·means of 20. 2 kg for SH dams, 17. 2 kg for HH dams 
and 15. 6 kg for AH dams (unpublished data). 
Breeding normally included artificial insemination 
(AI) followed by natural sire cleanup. Sires were selected 
on estimated breeding value for weaning weight, yearling 
weight and maternal performance with negative attention to 
frame size. Within mating systems, cows were routinely 
stratified by age and randomly allotted to both AI sire and 
natural sire breeding pasture. Normally single sire 
breeding pastures were �sed. . The breeding season was 
11 
approximately 8 weeks long, beginning in late May or early 
June. From 1974 until 1979 cows were bred 30 days A I, and 
the balance of the breeding season by natural sire. In 1980 
drought conditions required suspension of the AI program and 
all breeding was by natural sire. Multiple and single sire 
pastures were also used during this breeding season. From 
1981 to 1983 estrus synchronization was added to the AI 
program. In 1981 some synchronized cows were mated with 
natural sires instead of being bred AI. Synchronization was 
by a single 5 ml injection of prostaglandin-F2-alpha. 
Breeding after injection was initially based on time (1981) 
and later on visual heat detection (198 2-1983). 
Straightbred Hereford cows were bred to Polled 
Hereford sires. Simmental-Hereford and AH cows were managed 
in a two-breed rotational cross mating system (table 6 ) . 
Initial SH cows were of 50% Hereford breeding and were mated 
back to Polled Hereford sires. Females produced b.Y this 
mating were bred to purebred Simmental sires. Initial AH 
dams were also of 50% Hereford breeding and were exposed to 
Polled Heref�rd sires. Females produc�d by this mating were 
bred to purebred Angus sires. Replacement yearling heifers 
kept at the Antelope Range Station were bred to natural 
·Angus sires. By 1983 the SH rotation produced cows wit h 50% 
(SH-50), 75% (SH-75) and 38% (SH-38) Hereford breeding. 
Because of it� late introduction t he AH r�tation trailed th� 
SH rotation in development of different breed combinat�ons. 
D am 
B r e e ds 
HH( l O O ) 
AH(75 ) 
AH ( S O) 
AH( 2 5 ) 
S H( 7 5 )  
S H(5 0 )  
SH (38 ) 
a 
a 
T AB LE 5 .  M A T I NG P L A N S  F O R  A N TE L O PE 
RANGE B REED S T U D Y 
1 9 7 4  TO 1 9 83 B REE D I NG S EA S O NS 
Po� l ed 












. Mating plans do not include heife r breeding t o  Angus 
sires in m o s t years. 
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D u e  to u s e o f  An gu s  si r e s  o n  he ifers , a g r o up o f  cows having 
2 5 %  H e r efo r d  ( AH - 2 5 ) b r e e ding w e r e  a v ai l ab l e .  
g r o ups w i th u s e f u l  r e c o r d s  i n c l u d e d  t h o s e w i t h  5 0 % 
a n d  75%. ( A H- 7 5 ) H e r e f o r d  b r e e ding . 
Q�.!f �t�n!!g���!!! 
Other AH 
( AH- 50) 
C a l v es w e r e  b o r n  i n  t he s p r i ng (ap pro x i mately A p ril 
1 )  and we r e  w e ane d a t  a n  a v e rage age o f  2 0 5  d a y s  in the fal l  
( ap p r o x i ma t ely O c t ob e r  2 0 ) . Ma l e  c alv e s  w e r e  c as t ra t ed at 
bir t h. N o  i mp l an t i n g o r  c r e e p  feedin g o f  c alv es was 
p r a ct i c e d and a l l  anim a l s  w e r e  i nc l uded in a comprehensive 
v a c c i n a t i o n  progr am . R ep l a ceme n t  hei f e r s  k ept at the 
An t e l o p e  Range station w ere s o r t e d i n t o  th e i r  manag e m ent 
g r o u p s  p o s twe aning an d f e d  app r op r i a t e  r a t i o n s . All 
s u r v i v i ng s t e e r  c a l v e s  w e r e  so l d  to a c o o p e r a t i n g  feedlo t 
ope r at o r  for fin ishing. F e e d l ot r a t i o n s  we r e  moderate in 
energy ( 6 5  t o  7 0 % T D N) co n sistin g of corn si lage , alfalfa 
hay an d c o r n gr a i n . Average days o n  fe ed was approximat�ly 
we r e  frequent l y marketed for kosher 364 d .  S t e e rs 
slaughter , which favored heavier c att l e  of higher quality. 
This p r a c t ide a l ong w i th sil a g e feeding and a t endency for 
t h e f e e d l ot o p e r ato r to hold c a ttle wh i l e  waiting for higher 
market prices und o ubted l y  contributed to the unusually high 
days o n  f e e d . W h e n  finished steers were s laughtered at 
regio n al packing plan t s willing to participate in carcass 
data co l l e ctio n . 
SOUTH DAKOTA STATE UNIVERSITY LfBRARY 
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A l l p r ew e an i n g  d ata w e r e  c o l l e ct ed o n  a c al f  c r o p  
y e a r  b a s i s .  P o s t we a n i n g  s t e e r  d a t a w e r e  c o l l e c t ed at 
s l augh t e r . A t o t a l o f  1 3 7 9  ptew e anin g c ow- c a l f r e c o r ds an d  
5 11 p o s t w e a n i n g  s te e r  r e c o r d s  w e r e  a v a i l able f o r an a l ysis . 
R e c o r d s  w e r e  c o l l e c t e d  o v e r  a t e n y e a r  pe r i o d f r om 1974 to 
1 9 8 3 . 
A l l p r e w e a n i n g  t r a i ts w e r e  s t ud i e d  as a t r ai t  o f  the 
d am a n d  an a l y z e d f o r  b o t h  e f fe c t  o f  bio l o g i c al t yp e  ( BO D) 
and p e r c en t  H e r e f o r d b r e e d i n g  w i t h in BO D g r o u p  (PHERF). 
Var i able c o d e s  an d t h e i r  d e f i n i t i o n s  a r e  p r e s e n t e d in t ab l e 
6 .  Y e a r o f  rec o r d  and c a l f ' s  b i r t h, (YR) w a s  r e c ord e d  for 
al l ob s e r v a t i o n s . A g e  o f  d am was c o de d  i n  th r e e  classes (1-
3) c o mp o s e d o f  2 y e a r - o l d s �  3 y e a r - olds an d cows o v er 3 
y e a r s  o l d .  A g e  ·of d am an d m ana g em e n t · c l as s es w e re c o mbined 
and nes t e d  w it h i n  Y R  (AM:YR). Calving percent (PART) and 
w e an ing p e r c e nt (WE AN) w e r e  d e fin e d  as t h e p r opo r t i on of 
c ow s  e i t h e r  calv i n g  o r  w eaning a c al f  o f  cows e x p ose d in the 
b r e e d i n g  h e r d . All c alv e s  we r e  we i g h e d  wi t h i n 2 4  h ours of 
b i rth (BWT ) . · No r m ally all cows were. weighed and height 
m e a s u r e d  i n  a g r o up p os t - c a l vin g an d a t  w e an i n g . Rec o rds 
w e r e  k e p t  f o r  d a y  of cal f ' s  b i r t h  (D O B ) ,  dyst o cia degr�e and 
pe r c e n t (D DYS T an d P D Y S T  r e spe ct i v ely) an d  sex of calf 
(SEX). Dys t o c i a 
n o rm a l d e l i v e r y , 
d i f f i c ul t y, 4 = 
degree sc o re ranged from 1 t o  5 with l = 
2 = slight difficulty, 3· = m oder a t � 
severe d i f f i culty and 5 = Caesarean· 
T A B L E  6. V A R I A B L E  CO D ES AND D E FINITIONS 
------------------------------------------------------�----
V a riable 









C C ARWT 
C D C HNG 







F T H  
G E S T  
HC A R W T  
HH 




















D e fin i t ·io n 
An g u s - H er e ford c r o s s  
A n gus -H ere f ord (PHERF) 
Arti ficial I n semin at i o n 
A g e  o f  dam- m a n a gemen t c l a s s  n e s t e d  w i t h i n year 
Age o f  c al f  a t  we anin g 
B ree d o f  dam g r oup an d s t e e r  b ree d g r oup 
Birth weight of c al f  
C arc a s s w e i gh t  p er d a y  o f  a ge 
C old c a r c a s s weight 
C ow c o n d i t i o n c h a n g e  dur i n g  lacta t i o n, wt/ht 
First service AI conception ra t e  
C u t a b i l i t y or pe r c e n t r e t ail p r o duc t 
D a y of calf's birth 
D a y s  o n  feed 
D egree of d y s to c i a  ( s c o r e  o f  1 - 5 )  
Fa l l  c ow c o n d i t i o n ,  wt/h t 
F all c ow weight 
C a r c as s  f a t  t hi c k n e s s  
G e s tation length-
Ho t c arc a s s we i g h t  
Straightbred Hereford 
Hereford (PHERF) 
Percent kidney-pelvic fat 
USD A .Marb l i n g s core 
Pro p ort i o n of cows calving of cows exposed 
Percent d y s t o cia 
Percent Hereford breeding within mating syste� 
Postweaning BO D - s t eer a n alys e s  
Prewe aning BOD analys e s  
Prewean ing PHERF a n a l yses 
USDA qual i t y  grade 
Rib-eye area of carcass 
Spring cow condition, wt/ht 
Simmental-Hereford cross 
Simmental-Hereford (PHERF) 
Age a t  s l au gh ter 
Proportion o f  cows weaning calf of cows exposed 
Weight c h a n ge o f  cow dur i n g l ac t a t ion 
Weaning weight of calf 
USD A yield grade 




s e ctio n . Calv i n g  and A I  bre e d i n g d ate s a l l o w e d  c a l c u l ati on 
o f  g e s t at i on l en g t hs ( GE S T) an d f i r s t  s e r v i c e c once ption 
d a t e s (C O N C E P). C ow we i ght c han g e  d u ring l actation (WT C HNG) 
was c a l c u l at e d  a s  t h e d i f fe�enc e b e t w e en cow w e i g h t  at 
w e a ning ( FLW T )  an d p o st- c alvin g cow w e i ght . Cow condition 
w a s  c a l c u l a t e d  a s  a r a t i o  o f  we i ght i n  kg t o  he i ght in em 
tak e n  p o s t-c a l ving in t h e  s p r i n g  (S C O N D )  an d at w e anin g in 
the f a l l ( FC O N D ) .  Cow c o n d i t i on ch ange du r i ng lactat ion 
( C D C H NG) w a s  the d i ffe r enc e b etwe en F C O N D  an d S C O N D . Fal l  
c ow h e i gh t s .w e r e  no t tak en in 1 9 7 7  s o  ana l y s es of FCOND ,  
S C O ND and C D C HN G  d o  n ot in c l ude this y e a r . A l l c al v es were 
w eigh e d  at w e a n i n g  (WW T ) .  A g e  o f  the c a l f at w e an ing (AOC) 
w a s  c a l c u l ate d b y  s ubt r a cting c a l f  bi rth dat e  f r om w e a nin g 
d a t e . 
Al l p o s tw e aning t r aits we r e  s t u di e d  as a t r a it o f  
t h e  d am g r o u p f r om which t h e ste e r s  we r e  produced. 
Al t h o u g h the c rossb r e d  ste e rs di f f e r�d from their dam s  in 
P HE R F  th e y  a r e  o f  s i mi l a r  biolog i c al type and postweanini 
r e � ults m a y  also r e f l e c t  d am c ontr i but i ons .  Postweaning 
d ata in clu d e d  o n l y  BOD c l ass cod i n g  due to lack of adequa te 
numb e r s  i n  P HE R F  classes . As w ith p r ewean i ng data YR and 
AM: YR we r e  a l s o  r e c o r d e d . S e v e r a l  c a r c a s s a n d  g rowth 
r elate d  t r a i t s  w e r e  m e a s u r e d  inc l ud i ng: marbling (MAR), 
p e r c e nt kidney-pelvic fat (KPFAT), fat thickness (FTR), 
y i eld g r a d e  (YG), p e rcent cutability (CU�), l}�ality - I _ . grace 
(QG), r i b-eye area ( REA ), hot carcass w ei gh t (HCARW�), 
1 7 
c a r c a s s  w e i ght p e r  day o f  a g e  ( C AR W T D) , s l a u gh t e r  age 
( S LA G E ) and days on f e ed ( D O F ) . C o l d  c a r c a s s  we i gh t  
( C C ARWT) w a s  e� t i m a t ed b y  adj us t i n g  HC ARWT fo r a 2 . 5  p e rce nt . 
c o o l e r s hr i n k .  M a rb l ing e s tim a t e s  we r e  in i t i a l l y d e s c r i b ed 
b y  U S D A  g r a d e r m a r b l i ng s c o r e  ( i e .  S m a l l  7 0) a n d  converted 
t o  an a l l n um e r i c  s c a l e . Due t o  a ch a n g e  in USDA coding for 
MAR d u r i n g  t h e c o u r s e o f  t h e e x p e r i m ent ,  M A R  v a l u e s  w e r e  
s t an d a r diz e d  ( t ab l e  7 )  b y  conve r t i ng n ewe r  values (range 1-
2 4) t o  t h e o l de r s mal l e r  s c a l e  ( r a n g e  1-1 1 ) . M A R , KPFAT, 
and Q G  w e r e  s ub j e c t iv e l y  e s t i m a t ed b y  a r e p r e s enta t ive of 
t h e  U S D A . D u r i n g  d a t a  co l l e c tion i n  1981 l o gis t i cal 
p r ob l em s  r e s u l t ed in l o s s  o f  US D A  g r ade r e s t i m a t e s  for much 
o f  o n e  s l a u g h t e r  g r o u p . As a r e s ul t  s o m e  g r ade r s co r ed 
t r a its f o r  ·198 1 a re r epr e s ent e d  by smal l  n umbe r s . FTH was 
m e a s u r ed in c entim e t e r s u s i ng a ruler t ype fat probe at a 
sing l e  p o i nt thr e e- f o u r t hs o f  th e distance from t he chine 
b o n e e n d  an d p e r p e n dicu lar to t h e l o ng axis of the 
long i s sim u s  mu s cle . Th e r ight side of t he carcass was 
ribb e d  be t we e n t h e  12 t h  an d 13th rib a n d  an acetate t rac i n g  
made of t he r i b- e y e . This tr a c ing was th e n  mea s u red for 
a r e a  u s ing a p l anim ete r .  P l anim et e r  r e a d i n g s  w e r e  r e p e a t e d 
2 
unti l t w o m e a s u r em e n t s  within . 13 em o f  o ne another were 
ob t a ined . A l l m eas u r em ent s  w e r e  c o nve rted t o  metric value� 
af ter an a l y s is. YG was c alcu l ated u sin g the fo rm u l a  (USDA, 
1975) : 
M a rb l i n g  
S c o r e  
( Ea r l y )  
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T A B L E  7 .  M A R B L I NG AND QUA L I TY G R A D E  
C O N V E R S IO N C HA R T  
M a r b. l i n g  
S c o r e  
( L a t e r) 
24 
2 3  
22 
2 1  
2 0  




1 5  
14 
1 3  
1 2  











M a r b l ing 
D e s c r i pt i o n 
V e r y A b u n d a n t 
A b un d ant 
M o d e r a t e l y  A b un d a n t 
S l i gh t l y  A b und ant 9 0 -70 
S l i gh t l y  Ab un d a nt 60 - 4 0  
S l i gh t l y  Ab und a n t 3 0 - 0  
M o d e r a t e 9 0 -70 
M o d e r a t e 60 - 4 0  
M o d e ra t e  3 0 - 0  
M o d e s t 9 0 -70 
M o d e s t 60 - 4 0  
M o d e s t  3 0-0 
S m a l l  9 0 -70 
S m a l l 60 -4 0  
S m a ll 3 0 -0 
S l i gh t  9 0 -70 
S l i gh t  60 - 4 0  
S l i gh t  3 0 - 0  
T r a ces 9 0 -70 
T r a c e s  60 - 4 0  
T r aces 3 0 - 0  
P r act i c a l l y  Dev o i d  
P r act i c a l l y  D e vo id 
D evo id 
Q u a l i t y 
G r a d e  
P r i m e· 24 
P r i m e 24 
P r i m e  23 
P r i m e  22 
P r i m e  22 
P r i me 22 
Ch o i ce 21 
Cho ice 21 
Ch o i ce 21 
Ch oice 20 
Ch o i ce 20 
Ch o i c e  20 
Ch o i ce 19 
Cho i ce 19 
C h o i c e 19 
G ood 18 
G o o d  18 
G o o d  18 . 
S t a nda rd 
Stand ard 
S tan d ard 











YG = 2 . 5  + 2 . 5  ( F T H , i n ) + . 2  ( K P F AT ,  %) + 
2 
. 0038 ( HC ARWT , l b ) + . 32 ( REA , i n  ) 
19 
CU T w a s  c a l cula t e d u s i n g t he f o rm u l a  (Mu r p h e y  e t  a l . ,  196 0 ) :  
C UT = 5 2 . 5 6 - ( 4 . 9 5  ( FT H , i n)) - ( 1 . 0 6 ( KP F A T , %)) + 
2 
( . 6 8 2  ( RE A , i n  ) ) - (.008 ( C C AR W T , l b ) )  
C ARW T D  w a s  ca l cu l a t e d b y  d i v i d i n g  C C ARW T b y  S L AGE . D OF w as 
t h e  t i m e  f r om ent r y i nto t h e  f e e d l o t  to slau g h t er . 
An i ni t i a l e ff o r t  w a s  m a d e  t o  ana l y z e  t h e  dat a  using 
t h e ap p r o ach o f  D i ck e r s o n ( 1 9 6 9 )  wh e r e  b r e e d  g r o u p  e ffec t s  
a r e  d e s cr i b e d i n  t e rm s  o f  add i t i v e and n o n add i t ive 
f r act i o n s . T h e  nece s s a r y  coeff i c i e n t s  w e r e  co n s t r u c t e d 
acco rd i n g  t o  t h e - fo l l ow i n g  mo d e l p r o p o s ed b y  D i l l ard e t  al. 
( 19 8 0) : 
y = u + H + T + s + D + (H T )  + 
i j k l m i j k 1 ij 
b A + b A + b A + b H .+ b H + 
1 1 2 2 3 3 4 12 5 1 3  
b H + b M + b M + b M + b H + 
6 23 7 1 8 2 9 3 1 0  m 
b (G-G) + e 
1 1  i jk 1 m  




















= b r e ed add i t i v e  e f f e c t s  f o r  b r e ed s  1 ' 2 
and 3' res p e c t i v e l y .  
= p e r ce n t a g e  o f  g e n e s  c o n t r i b ut e d  b y  
b r ee d . 
b = h ete r o s i s  e f f e c t  du e · t o  gene 
6 





H = p e r c e n t a g e  o f  l o c i  o c c u p i e d b y  gen e s  
23 
f r om b re ed p a i r s . 
b , b , b = b r e ed ma t e rn a l  e f f e c t . 
7 8 9 
M ' 
1 
M , M = p e r c e n t a g e  of g e n e s  i n  d am fr o m  b reeds . 
2 3 
= a v e r a g e  m ate r n a l  he t e ros i s . b 
10 
H = p e r c e n t a ge of l o ci i n  dam w i t h  e a ch gene o f  a 
m 
p a i r f r om d i ffe r en t  b re ed s . 
u ,  H , T , s t D ' (HT ) ' G and e a re t he 
i . j 
leas t�squ a r e s  m e a n , 
k 
he r d , 
1 i j  
y e ar , sex 
i j k l m 
o f  c al f , a ge of dam, 
h e rd X · y ear, a ge o f  c a l f  a n d  r an d om e rror effects 
r e s p e ct i vely . The b's i n  t he equ a t i o n  a re coefficients 
a s s i gned o n  the b as i s  o f  expec t ed rep res enta t i on of l oci 
f r om e ach b reed . I f  a n  a n i m al is p u reb red a l l c oefficients 
for i t s  pa r t i cu l a r  b reed equ a l  o ne and ·fo r a l l other b reeds 
z ero . I f  th e an i m a l i s  a c r o s s b red e a c h  b r ee d  c oe ff i cient 
w i ll equ a l  the proportion of i t s  res pec t i ve breed in the 
c r o s s . D i s cu s sio n s  b y  Dil l a r d  et al. (1980) a n d  A lenda and 
Mar t i n  ( 1 98 1 )  det a il c on s t ru c t i on o f  the coefficients. 
T h e s e c o e ff i c i en t s  rep r e se� t  l�near re gres s i on coefficients 
2 1  
and s olut i o n r e q u i r e s  m u l t i p l e  r e g r e s s i o n m e thods . T o  av o i d 
s i n gu l a r i ty, b r e ed add i t i v e  a nd b r e ed m ate r n al e f fe cts we r e  
comp u t ed a s  d e v i at i o n s  f r o m s t r a i gh t b r ed H e r e f o rd .  Th i s  
type o f. an a l y s i s  r e q u i r ed mor e  · b reed c omb i n a t i o n s  and l a r g e r  
s ub c l a s s e s than we r e  av a ilable . The ab o v e  p r o c edu r e  w a s  
ab andon ed i n  f av o r  o f  s i mp l e r a l t e r n a t i v e an a l y s e s  i n  w hich 
b r e ed g r o u p s  w e r e  a n alyz ed f i r s t  a s  3 B O D  g r o u p s  and s eco n d  
a s  7 PHERF g r o up s . 
F i xed m od e l a n a l yse s o f  t h e data comp r i s ed t hr e e  
m a j o r  s t e p s  i n volv i n g  p r e w e a n i n g  B O D  g r o up (PRE ! ) , 
p r ewean i n g  P HE R F  g roup '(PRE2) and p o s t w e an i n g  B O D  grou p  
(POSTl). Al l d e p e nde n t  v a r i ab l e s i n  P RE! w e r e  a l s o  in clu d ed 
in PRE2. In d e p e nden t v a r i ab l e s c o n s i de r ed i n  a l l an a l yses 
we r e  s el e c t e d  b a s e d  on p o t � n t i a l  i n flu e n c e on the various 
d e p e nde n t 
i nte r a c t i o n s  
v ar i ables .  T h r e e  f a cto r 
w e r e  a s s um ed un i m p o rtant . 
and h i gh e r  ord e r 
The presence of 
sev e r a l  m i s s i n g  c e l l s  in the B O D  b y  YR (or PHERF by YR) 
i n t e r ac t i o n r e q ui r ed the an a l yses b e  p er f o rmed u s i n g  LSML76 
{Ha�v � y , 1 9 7 6 ) i nste ad �f SAS ( 1982). Since LSML76 req u ir es 
complete da t a  se ts (no m i ssin g  v alues. allowed) dependent 
variables were grouped into models accord�ng to s i m ilar i t y 
of YR subclass fr eque n c y . This helped t o  minim i z e  data loss 
when obse r v a t i o ns with missing values were culled from the 
da t a  s et. S e v e n da t a  sets were constructed for PREl and 
PRE2. Five data se ts wer e constructed for POSTl. 
Independent v ar i ab les considered in initial 
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p r ew e anin g m o d e l s  w e r e  B OD ( in P RE! ) , PHER F ( i n  P RE2) ,  YR, 
AM : YR ,  SEX , A O C  a n d a l l t w o  f ac t or i nter ac t ion s o f  BO D , YR 
and SEX . P REl. c o n t a i n e d  t h r e e  B O D  c l as s e s ( H H ,  AH a n d  S H ) 
wh i l e P R E 2 h a d  s even PHE R F  c l a s ses ( HH( l OO), AH(75�, AH(50 ), 
AH ( 2 5) , SH ( 75) ,  SH ( 50) an d SH ( 3 8 ) ). U n b alan ced data and 
missing subclasses necessitated elimination of the PHERF x 
YR i n t era c t i o n f r o m  t h e P RE 2  an a l ys es . I n c l u ding this 
i n t erac t i o n i n  t h e  analyses caused the de t e r m i n ant of t he 
- 2 2  
m a tr ix t o ap proach ze r o  (<lxlO ) t r i gge rin g a LSML76 
de p e n d e n c y e r ro r. D e p e n d e n t  va riab l es in P R E l a nd PRE 2 
i n c l ud e d  P A R T , WEAN , WWT , G EST , C O NC E P , DOB , FLWT , BWT , 
D DYST , P DYST , WTC HNG , FC O ND , SC O ND an d C D C HNG . Grouping of 
d e p e n d e n t var iab l e s i n t o  m o d e ls p l a c e d  P A RT with WEAN; GEST 
w i t h  C O NC E P ; · D O B  wi t h  B WT , F LWT , and W T C HNG; and FC O ND with 
SC O ND an d C D C HNG . WWT , DD YST and P D YST were in separate 
m o dels .  · Initial.models in clu ded a l l app r opr iat e in dependen t  
an d c o n t i nu o us variab l es .  Al l models cont ained BOD (in 
PRE!) , P H E R F  (in P R E2) ,  YR and AM : YR .  SEX was included in 
a l l models except those involving PAR T and WEAN. The 
continuous variable AOC was present fo� the WWT model only. 
After each analysis interactions fo u n d  non-significant 
( P> . 2 0) for all dependent variables in the model group were 
eliminated and the model reanalyzed. Final p reweaning 
models are presented in table 8 ( PRE l ) and table 9 (PRE2). 
Linear functions were used.to make comparisons between group 
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leas t - s q u a r e s  m e a n s . M o r e  c om p a r i s o n s w e r e  m a d e  t h an there 
we r e  i n d e p e ndent d e gr e e s  of fre e d om . T o  c om p e nsa t e  fo r 
t h i s , t ab u l a r  t v alu es f o r  t w o-t a i le d t e s t s  w e r e  u s e d  for 
a l l c om p ar i s o n s  a s  s u gg e s t e d by Cundiff e t  a l . ( 1974). 
Un l e•s o t h e rw i s e  n o t ed t h e . 0 5 s i g n i fic a n c e  le v el was used . 
T h e  POST !  an a l y s e s  (tab l e  1 0 ) in c l u d ed BOD (also 
equ i v a l e n t  t o  b r e e d  o f  s t e er ) ,  YR a n d  AM:YR as in d e p e ndent 
v a r i ables . A l l m o d e l s  we r e  an a l y zed f i rst w i t h o ut 
c o n t i n u o us e ff e c t s . L a ter an a l y s e s  i n clu d e d  c ova ria t e s DOF 
a n d  CCARWT in s e p ar a t e m o de l s . Ev a l u a t i o n o f  c a rcass an d 
p o s t we a n i n g  t r ai t s  a d j u s ted to a c omm o n  en d p o i n t  is use ful 
fo r d e t e rm i n i n g  t h e so ur c e(s) of gro up differences. Choice 
o f  s l a u g h t e r  e n d  p o i n ts d e p e n ds o n  whe t h e r  t h e o b j ect i v e is 
t o  m ax i m ize effici enc y of l � an m eat p r oduQti o n  (weight o r 
t i m e  e n d  p oin t�) or meat of a constan t fat-to-lean ratio 
( fa t n e s s e n d  p o in t ) ( BIF, 1976). Adju s t me n t  fo r we ight o r  
when w eigh t is h eld c o nst ant (ie . CCARW T  as a covar iate) 
allows remaining variation t o  be int erp r eted as due to 
d iffe r e n c e s  i n  p rop o rti o n or composition (D inkel et al., 
1965) . Whe� adjustment is made relative to age (ie. SLAGE 
as a covariate), variation remaining reflect·s differences 
due to tissue gro w th rate ( Cun di f f  et 
Prelim i n a ry an a l yses indicated few age or 




differences existed between groups o f  this study. Subsequent 
covariate ana lyses were directed toward investigation o f  
CCARW T a dj us tments and the influence of CCARWT and DOF on 
T A B L E  8. FIN A L  MO D E LS F O R  P R E l A N A LYS E S  
=========================================================== 
a E f fe c t  
a 
D e p e n d en t  - - - - - - - - - - - - - - - - - - - - - - - - --- - - - -- - - - - ------ ----
variab l e  B O D  YR S E X  AM : YR B O DxYR B O D x SEX YRxS E X  AOC 
-- --- -
PAR T  D A F D 
WEAN E A F 
-- ----
WWT A A A F c D A 
-- - - - -
G E S T  A D A F D 
C O NC E P  E E E F 
-- - - - -
DO B  E A B F 
F LWT A A E F 
BW T A A A F 
WTC HNG A A c F 
-- ----
D DYS T D A B F c A 
---- - -
PDYST D A A F c A 
------
FCOND A A E F 
S C O N D  A A E F 





A =  Pi.OOl, B = P i .Ol, C = P�.OS, D = P�. 10, E = P>.lO, F 
= various probability lev els ranging from A to E among the 





code defin itions are presented in t able 1. 
( --- - -- ) separate variables by initial model 
2 5  
T A B L E  9 .  F I N A L  MO D E L S FOR P R E 2 AN A L Y S E S  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
D e p end en t 
v a riab l e  
- - - - - -
P A R T  
WE AN 
- - - - - -
WWT 
- - - - - -
GE ST 
C O NC E P 
- - - - - -
D O B  
F LW T  
BWT 
WTC HNG 
- - - - - -
D DYS T . 
- - - - - -
P D YST 
- - - - - -
FCOND 
S C O ND 
C D C HNG 
- - - - - -
a 
















E f f e c t  
YR S E X  AM : YR P H E R FxS E X  YRxS E X  AOC 
A F 
A F 
A A F A 
E E F D 
D E F E 
A c F 
· A E F 
A A F 
A c F 
A A F A 
A A F A 
A . E F 
A E F 
A E F 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A =  P� . 0 0 1 , B = P . O l , C = P� . 05 , D = P � . 1 0 ,  E = P > . lO ,  F 
= var i o us probability l e v els ranging from A t o  E amo n g  t h e 
1 0  nes t e d classes . 
a 
Var i ab l e 
Short l i nes 
g r oup .  
c o d e  de f i ni t i ons are prese n t e d in t ab l e 1 .  
( - - - - - - ) separa t e  v ar i ables b y  in i t i al m o d e l  
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T A B L E  1 0 . F I N A L  MO D E L S F O R  P O S T l  A N A LYS E S  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
c 
E f f e c t  
c - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
D e p e n d e n t b b a a 
v a r i ab l e B O D YR AM : YR B O DxYR D O F  C C A R W T  
- - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - -
MAR E A F E C , E  C , E  
K P F A T  E A F A B , B  A , B 
C U T  B , A , A  A F E A , D  A , E 
YG A A F E B , E B , D 
- - - - - -
F T H  A A F E , D , E  C , E  A , B 
Q G  A A F C , D , D C , D B , E  
R E A  A A F c E , E A , E 
- - - - - -
C C ARWT A A F A , B , A  B , E  
C ARWT D  A A F B 
- - - - - -
D O F  A A F A 
- - - - - -
S LA G E  E A F A 
- - - - - -
- - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - ·- - - - - - - - - - - - . - - - ·- - -
A =  P � . 0 0 1 , B = P� . 0 1 ,  C = P� . 0 5 ,  D = P � . 1 0 ,  E = P > . l O �  F 
= v a r i o u s  p r ob a b i l i t y  l e v e l s  r an g i n g  f r o m A t o  E am o n g t h e 
1 0  n e s t e d c l a s s e s . 
a 
E f f e c t i n c l u d e d  a s  c o v a r i a t e  i n  s e p a r a t e  r u n , 
v a l u e i s  l i n e a r , s e c o n d  i s  q u a d r a t i c . 
f i r s t  
b 
M u l t i p l e l e t t e r s  i n d i c� t e p r o b ab i l i t y l e v e l s  f o r  m o d e l s  
w i t h o u t  c o v a r i a t e s , w i t h  D O F  a s  a c o v a r i a t e  a n d C C A R W T  a s  a 
c o v a r i a t e , r e s p e c t i v e l y . O t h e rw i s e  a l l m o d e l s  h a d  s am e  
p r o b ab i l i t y  l e v e l s . 
c 
V a r i ab l e 
S h o r t l i n e s  
g r o u p . 
c o d e  d e f i n i t i o n s  a r e  p r e s e n t e d i n  t ab l e 1 .  
( - - - - - - ) s e p a r a t e v a r i ab l e s b y  i n i t i a l  m o d e l 
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va rio u s  d e p e n d e n t va riab le s .  
F T H , 
D e p e n d e n t 
C UT, YG , 
va r iab l e s  i n  PO S T l  i n c l u d e d  MAR , KP FAT , 
C C A RWT , C A RWT D, R E A ,  Q G , D O F  a n d  S LAG E . 
D e p e n d e n t � ar i ab l e s  w e r e  as s i gn e d  t o  m o d e l s  o n  t h e  bas i s  of 
s u b c las s n umb e r s . MAR, K P F A T, C U T an d YG w e r e · ana l y z e d 
t o ge t he r , as w e r e  F TH , R E A an d QG . C C ARWT an d . C AR W T D  w e r e  
a l s o  a n a l y z e d  t o g e t h e r  whi l e  D O F  a n d  S L AG E w e r e ana l y z e d 
a l o n e . Lac k  of s u i t ab l e  s ub c l as s  n umb e r s  p r e v e n t e d PHE R F  
ana l ys e s . C o n t i n u o u s  va r iab l e s , C C ARWT a n d D O F  w e r e  
ana l y z e d  a s  b o t h  l i n ear an d q u a d ra t i c  e f fe c t s . 
No n s i gnifican t in t e r a c t io n s  ( P > . 2 0 )  we r e  r em o v e d  f r om fina l 
m o d e l s  as i n  P R E l an d PR E 2 . S t e e r s  i n  PO S·T l i n c l u d e d  o n l y 
t h o s e  p r o d u c e d  f r o m t h e s e v e n  P H E R F  c l as s e s u s e d  i n  t he 
p r ewean i n g  ana l y s e s . Th i s  r e s t r i c t i o n was mad e  t o  i n s u r e  
o n l y  s i n g l e  o r  t w o - b r e e d  cr o s s  an i ma l s  o f  t h e pr o p e r 
r o t a t i o n s e qu e n c e  w e r e  an a l yz e d . Gro up c l as s d i ff e r e n c e s  
w e r e  c o mpa r e d  us i n g  l i n e a r  fun c t i o n s  a s  in P R E l an d P R E 2 . 
2 8  
I N T RO D UC T I O N  
B e e f  c a t t l e p r o du c t i on i n  t h e  U n i t e d  S t a t es 
en c om p a s s e s  a d i v e r s i t y o f  b r e e d  g r o u p s , ma t i n g  s ys t ems , 
m a n agem e n t  t e ch n i qu e s  an d c l i ma t i c  c o n d i t i o n s . R es e a r ch 
s u g g e s t s  i m p o r t an t  i n t e r a c t i o ns m a y  b e  p r e s e n t  b e t w e e n  
b i o l o g i c a l  t yp e s  a n d t h e i r  e n v i r o n m e n t s , n e cess i t a t i n g  
p e r fo rman c e  e v a l ua t i o n  o f  b r e e d  g r o ups u n d e r  sp e c i f i c  
e n v i r o n m e n t s  ( B u r n s  e t  a l . ,  1 9 7 9 ; K o g e r  e t  a l . , 1 9 7 9 ; 
Gwa z d a u s k a s , 1 9 8 5 ) . Wh i l e  s t r a i g h t b r e d  H e r e f o r d , An g u s -
He r e f o r d  a n d S i m m e n t a l-H e r e f o r d  c a t t l e  a r e  d i s t i n ct 
b i o l o g i ca l  t yp es w i t h  l a r g e  p o p u l a t i on s  in b o t h  S o u t h . D a k o t a  
an d t h e  U . S . , o n l y  a few s t u d i es ( K r ess e t  a l . ,  1 9 8 4 a , b ;  
Rey n o l ds a n d  U r i ck , 1 9 84 )  hav e c omp a r e d  t h e i r  p e r f o rm a n c e  
-
un d e r  t h e sem i - a r i d  c o n d i t i o n s  s i m i l a r t o  t h ose f o u n d i n  
we s t e r n  S o u t h D ak o t a . 
P r o d u c t i o n b y  any b r e e d  g r o u p  un d e r  any e n v i r o n m e n t 
r e q u i r es e n e r g y i n p u t . L a r g e r  a n d (o r )  h i g h e r m i l k i n g 
c r o ssb r e ds c a n  b e  exp e c t e d  t o  r e qu i r e m o r e  e n e r gy i npu t t o · 
supp o r t  h i g h e r  m a i n t e n an c e an d l ac t a t i o n  r e q u i rem e n t s .  
D esp i t e  t h i s  h i gh e r  e n e r gy r e q u i r em e n t , · e v i d e n c e  ex i s ts t h a t  
cow e f f i c i e n cy f o r  w e a n i n g  p r o d u c t i o n o r  s l au g h t e r  
p r o d u c t i o n m ay b e  s i m i l a r am o n g b r e e d  g r o ups ( M a rsh a l l  e t  
a l . , 1 9 7 6 ; B ow d e n , 1 9 8 0 ; B r own a n d  D i n k e l , 1 9 8 2 ; M a rs h a l l  e t  
a l . , 1 9 84 ; U r i ck e t  a l . ,  1 9 84 ; Wagn e r  e t  a l . ,  1 9 8 4 ) . T h i s  
su gg es ts f ac t o rs o t h e r  t h an a v a i l ab l e  e n e r gy , such as 
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r e p r o duc tiv e e f ficie n c y , c al f  s u r vi v a bi l i t y  a n d  v a riable c ow 
c o s t s  m a y  dic t a t e  t h e u l t im a t e v a l u e o f  a b r e e d  g r o u p  t o  t h e 
p r od uc e r . 
U ti liz a ti o n  o f  g en e t i c  v a riabi l i t y t o  imp r o v e  
p r o du c tion i s  t he b asis fo r g r a din g - up , c r o s s b r e e din g an d 
d e v e l o pm e n t o f  n ew b r e e d s  (Di c k e r s o n , 1 9 6 9 ) . A l t h o u gh 
c r o s s b r e e din g i s  r e c o g niz e d  as t h e mo s t  e f fici e n t  m e t h o d , 
dev e l op me n t  o f  n ew b r e e ds ( s yn t h e tic b r e e d s ) h a s  p o t e n tia l 
b e n e fit t o  t h e  c a t t l e i n d u s t r y .  Dick e r s o n ( 1 9 6 9 ) in dic a t e s  , 
s yn t h e tic b r e e d s  h a v e  g r e a t e r  ini ti a l  h e t e r o z y g o si t y t han 
t heir p a r e n t  b r e e d s w hich c a n l e ad to  hig h e r initial 
p e r f o r m an c e  a n d e n h an c e d  r e s p o n s e  · t o  fu r t h e r  s e l � c t i on . 
Additio n a l ly s yn t h e tic b r e e ds c an b e  o p timiz e d  biolo gical l y  
t o  p a r ti c u l a r e n vi r o n m e n t s  o r  m a n a g em e n t s y s t ems . 
D ev elopme n t  o f  u s e ful s yn t he tic b r e e d s  r e q ui r e s  e v alua tion 
of b r e � d  r e s o u r c e s  and o p tim a l  b r e e d  c om p o si t io n . S t u dy o f  
b re e d  c o mp o si ti o n  wi t hi n  c r o s s b r e e ding s y s t em s  may o f fe r 
i n sigh t t o  p o t e n tia l l y  u s �ful s yn t h e tic t yp e s . 
T hi s  s t u dy w a s  d e sign e d  t o  e v a l ua t e  h ow s t r aigh t b r e d  
H e r e f o r d s a l on g  wit h  An gus - H e r e f o r d  an d Simm e n t a l - H e r e f o r d  
t wo b r e e d  r o t a tio n s  p e r f o rmed un d e r w e s t e r n S o u t h  D ak o t a 
r an g e  c o n di t i o n s .  Ob j e c tiv e s  o f  t hi s  s t u dy w e r e  1 )  t o  
e v a l u a t e  p r e - a n d  p o s t w e anin g  p r o du c t i o n  o f  t h e s e  t h r e e 
b r e e d  g r o u p s  ( r e p r e s en t i n g  bio l o gic a l  t yp e s ) an d 2 ) t o  
e v alua t e  t h e in f l u e n c e  o f  b r e e d  c om p o sition wi t hin e a c h  
g r ou p f o r  p r ew e anin g p e r f o rman c e . 
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P r ew e a n i n g  da t a  fo r t h i s  s t ud y  u t i l i z e d 1 379 c ow­
c a l f  r ec o r d s  c o l l ec t e d  f r om 1974 t o  198 3 at t h e A n t e l o p e  
Ran g e  L i ve s t oc k  S t a t i on n e a r  B u f fa l o , S o u t h  D ak o t a . B r e e d  
g r o u p s  i n  t h e s t ud y  i nc l u d e d  s t r a i gh t b r e d  He r e fo r d  ( H H ) , 
An gus-H e r e f o r d  c r o s s  ( AH )  an d S i mm e n t a l-He r e f o r d  c r o s s  ( S H )  
c ows ( t ab l e  2) . 
D e v e l o pm e n t  o f  t h e  h e r d  b e g an w i t h  5 0  H H  a n d  5 0  S H  
he i fe r s  p u rc h a s e d  a t  w e an i n g  i n  197 2. T h e y  p r o d uc e d  t h ei r 
f i r s t  c a l f c r o p  i n  197 4 .  AH h e i f e r s  w e r e  a d d e d  t o  t h e  s t u dy 
in 1975 and p r o d uc e d  t h e i r  f i r s t c a l f  c r o p  in 197 7. T h e  HH 
g r oup w a s  k e p t  i n  a s t r a i gh t b r e e d i n g  s y s t em wh i l e  AH an d S H  
g r oup s  w e r e  · m a n a g e d  i n  a t y p ic a l  t w o  b r e e d  r o t a t i o n  whe r e  
fem a l e s w e r e  b r e d  t o  t he b r e e d  o f  b u l l t o  w h i c h  the y  w e r e  
l e as t r e l a t e d . T h e  o n l y  d e v i a t i o n  f r om t h i s  s y s t em w a s  u s e  
o f  A n g u s  b u l l s  f o r  h e i f e �  b r e e d i n g . 
i n t r o d uc t i o n  o f  a b r e e d  g r o u p  
Exc e p t  
i n t o  t h e 
f o r  i n i t i a l  
s t u dy a l l 
r ep l ac em e n t s  w e r e  g e n e r a t e d  w i t h i n  t h e  h e r d  an d a l l he i f e r s  
w e r e  b r e d  t o  c a l ve a s  t w o  year - o l d s . C �w s  an d h ei f e r s  w e r e  
k e p t  i n  h e r d  f o r  t h e  d u r a t i o n o f  t he s t u dy u n l e s s  t h e y : l )  
f a i l e d t o  c o nc e i ve d u r i n g  t h e b r e e d i n g s e as o n , 2 )  h a d  any 
pa l p a t e d  r e p r o duc t i ve ab n o rm a l i t i e s , 3 )  s u s t a i n e d  a 
d i s ab l i n g  
c omp o s i t i o n 
p h y s ic a l  i n j ury 
( a l l  t h r e e-b r � e d  
o r  4) h a d  im p r o p e r  b r e e d 
c r o s s  f e m a l e s w e r e  c u l l e d ) . 
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Rep l ac em e n t h e i f ers were s ub j � c t e d t o  a d di t io n a l  s e l e c t i o n 
dur i n g  s om e  y e ars o f  t he s t u dy i n  t hr e e g e n er a l s t ag e s . 
From. 1 9 7 4  t o  1 98 0  r e p l ac eme n t s  w ere c u l l e d o n  t h e b a s i s  o f  
w e an i n g  . w e i gh t  p er f o rm anc e w i t h . o n l y  e n o ugh h e i f ers k e p t  t o  
ma i n t ain h erd n umb ers . S t art i n g in 1 9 7 6  . d e m a·n d  for 
rep l ac em e n t s  i n cre as e d  as l i m i t e d n um b ers o f  c o w s  an d 
h e i fers w ere tran s f erre d t o  S o u t h  D a k o t a  S t a t e  Univers i t y a t  
Bro ok i n g s  for u s e  i n  a c o w  e f fic i ency s t u d y . A f t er 1 9 8 0  a l l 
he i fers w ere k e p t  as r ep l ac em e n t s  a n d t r a n s f erre d  t o  
Bro ok i n gs a s  y e ar l i n gs . H e i fers trans f erre d  t o  B ro o k i n gs 
wer e  re t urn e d  t o  t he A n t e l ope R a n g e  herd a f t er w e anin g o f  
t he ir f ir s t c a l f .  
rou n d . A l fa l fa 
A l l  cows w ere k e p t  o n  n a t i ve ran g e  y e ar 
h a y  ( I F N  1 - 0 0 - 1 1 1 )  w a s  u s e d  for 
sup p l eme n t a t i o n dur i n g  t h e w i p t er m o n t hs .  
From 1 9 7 4  t o  1 9 7 8  t w o  di f fere n t  man a g em e n t gro ups , 
s up er a n d  re g u l ar ,  w ere use d . S up er man a geme n t  c o ns i s t e d o f  
a h i gher e n ergy l e ve l  for d e ve l o p i n g rep l ac em e n t h e i fers 
dur i n g  t h e ir f ir s t w i n t �r an d a 5 0 - day f l u s h  e a ch y e ar 
b e g i n n·in g 3 0  d ays pr i or t o  t h e br e e d i n g  s e a s o n . A n a l ys i s o f  
t he t w o  m a n a geme n t  l e ve ls w as pr ese n t e d b y  D i n k e l an d 
Tre v i l l y an ( 1 9 7 9 ) . A f t er t h e 1 9 7 8  bre e d i n g  s e as o n  super 
m a n a g em e n t w as d i scon t in u e d  an d a l l cows were subseque n t l y  
k ept o n  re gu l ar m a n a g em e n t f or t h e dura tion o f  t h e s t u d y . 
A l l c o w s  w ere n o rm a l l y  bre d dur i n g  an 8- w e e k  b re e d i n g  s eas o n  
b e gin nin g i n  l a t e M a y  t o  e ar l y  J u n e . Bre ed i � g  g e n e ra l l y  
i n c l ud e d  art i f i c i a l i ns em i n a t i o n ( A I ) f o l l ow e d  b y  n a t ura l 
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s i r e . c l e a n u p . S i r e s  ( b o t h  c l e an u p  a n d  A I ) we r e  s e l e c t e d  o n  
t he b a s i s  
y e a r l i n g  
a t t en t i o n 
o f  e s t i m a t e d  b r e e d i n g  v a l u e f o r  w e a n i n g  
w e i gh t  a n d  m a t e r n a l  p e r fo rm a n c e  w i t h  
t o  f r am e  s i ze .  A t o t a l o f  2 6  A I  an d 1 8  
we i gh t , 
n e ga t i v �  
n a t u r a l  
.s i r e s  w e r e  u s e d  d u r i n g  t he s t u dy . W i t h i n  m a t i n g  s ys t em ,  
c ow s  w e r e  r o u t i n e l y  s t r a t i f i e d b y  a g e  an d r an d om l y  a l l o t t e d 
t o  b o t h  A I  s i r e a n d  n a t u r a l  s i r e b r e e d i n g  p a s t u r e . F r om 
1 9 7 4  un t i l  1 9 7 9  c ow s  w e r e  b r e d  30 days A I , an d t he b a l an c e  
o f  t h e  b r e e d i n g  s e a s o n  b y  n a t u r a l  s i r e . I n  1 9 8 0  a l l 
b r e e d i n g  w a s  b y  n a t u r a l  s i r e  i n  s i n g l e o r  m u l t i p l e  b u l l 
p a s t u r e s  d u e  t o  d r o u g h t  c o n d i t i on s . F r om 1 9 8 1  t o  1 9 8 3  c ows 
were e s t ru s  s yn c h r o n i ze d  w i t h  a s i n g l e  5 m l  i n j e c t i on o f  
p r o s t a g l a n d i n - F 2 - a l p h a . A f t e r  an 1 1  d a y  s y n c h r o n i z a t i o n - A !  
b r e e d i n g  p e r i o d c ow s  w e r e  t u r n e d  o u t  i n t o  b r e e d i n g  p a s t u r � s  
w i t h  n a t u r a l  s i r e s . A r t i f i c i a l i n s em i n a t i o n b r e e d i n g  a f t e r  
i n j e c t i on · w a s  i n i t i a l l y b a s e d o n  t i me ( 1 9 8 1 )  a n d  l a t e r on 
v i s u a l  h e a t  d e t e c t i o n ( 1 9 8 2 - 1 9 8 3 ) . 
M a l e  c a l v e s  w e re c a s t r a t e d a t  b i r t h . C a l v e s  w e r e  
n e i t h e r  c r eep f e d  n o r  i mplan t e d . A l l  a n i m a l s  w e r e  i n c l ud e d  
i n  a c omp r e h e n s i v e v a c c i n a t i o n p r o g r am f o r a l l  d i s e a s e s 
t yp i c a l  t o  t h e a r e a . C a l v e s  w e r e  w e a n e d  i n  t he fa l l  a t  an 
av e r a g e  a g e  o f  2 0 5 . 6  d a y s . A l l  s t e e r  c a l v e s  w e r e  s o l d  t o  a 
c o o p e r a t i n g  p r o d u c e r  f o r  f e e d i n g  t o  s l au g h t e r . 
C r o s s b r e e d i n g  p r o d u c e s  c ow s  w i t h  v a ry i n g  b reed 
c omp o s i t i o n . I n  t h e c u r r e n t s � udy b r e e d  c o m p o � i t i o n  w i t h i n  
3 3  
g r o u p  w a s  m e a s u r e d  a s  p e r c e n t He r e f o r d  b r e e d i n g  ( P HE R F ) . 
E v a l ua t i o n o f  c r o s s b r e e d i n g r o t a t i o n s  c o u l d  p r o v i d e u s e fu l  
i n fo rm a tio n i n  i d e n tify i n g  o p t i m a l b r e e d  c om p o s i t i o n fo r 
p o t e n t i a l . s y n t h e t i c  b r e e d s . W i t h i n  t h e  A H  r o t a t i o n 7 5  % HH 
( AH ( 7 5 ) ) ,  5 0 % HH ( AH ( 5 0 ) ) and 2 5 % HH ( A H ( 2 5 ) ) g r o u p s  we r e  
p r e s en t . W i t h i n  t he S H  r o t a t i o n 7 5 % HH ( S H ( 7 5 ) ) ,  5 0 % HH 
( S H ( 5 0 ) ) a n d  3 7 . 5 % HH ( S H ( 3 8 ) ) g r o u p s  we r e  p r e s e n t . Wi t hin 
r o t a t i on c o w  n umb e r s  i n c l u d e d  46 A H ( 7 5 ) , 3 2 5  A H ( 5 0 ) , 5 0  
AH ( 2 5 ) , 1 5 8  S H ( 7 5 ) , 3 7 9  S H ( 5 0 ) an d 2 5  S H ( 3 8 )  ( t ab l e  3 ) . 
P o s t w e an i n g  d a t a f o r  t h i s  s t u dy i n c l u d e d  only 
r e c o r d s  o f  s t e e r  c al v e s  fed by a c o o p e r a t i n g  p r o duc e r  and 
s ub s e q u e n t l y s l au gh t e r e d . F e e d l o t  an d c a r c a s s r e c o r d s  w e r e  
c ol l e c t e d f r om 5 1 1  s t e e r s  f r om 1 9 7 5  t o  1 9 84 . B r e e d  g r o up 
n umb e r s  i n c l u d e d  1 3 6 HH , 1 6 6 - A H  a n d  2 0 9  S H  ( t ab l e  4 ) . All 
f e e d l o t s  w e r e  l o c a t ed i n  S o u t h  D a k o t a  wi t h  f e e d i n g  p r o g r am s  
u t i l i z i n g  c o r n s i l a g e  ( I F N  3 - 0 8 - 1 5 3 ) ,  al f a l fa h a y  ( I F N 1 - 0 0 -
1 1 1 )  an d c o r n g r ain ( I FN 4 - 0 2 - 9 3 1 ) . S t e e r s  w e r e  fe d un t i l 
c o n s i d e r e d  f i n i s he d  b y  t h e  c o o p e r a t i n g  p r o du c e r  an d t h e n  
s l au gh t e r e d  i n  t w o  o r  t h r e e  g r o u p s  a t  r e gio n al p ac kin g 
p l an t s  w i l l i n g  t o  pa r tic i pa t e  i n  c a r c a s s  d a t a c olle c tion . 
A v e r a g e  d a y s  o n  f e e d  du rin g t he s t u dy w a s  a p p r o x i m a t ely 3 64 
d .  S t e e r s  w e r e  f r e q u e n tly m a r k e t e d  fo r k o s h e r  s l a u g h t e r  
whic h  t e n ds t o  fa v o r  h e a v i e r  we i gh t  c a r c a s s e s o f  hig h e r  
qual i t y . T h i s p r ac t i c e alo n g  w i t h t h e s il a g e  f e e d i n g  an d 
a t e n d e n c y  fo r t h e  f e e dlo t o p e r a t o r  t o  h old .c a t t l e wh i l � 
wa i t i n g  f o r  h i gh e r  p r i c e s  m a y  h a v e i n flue n c e d  phy s i olo g i c a l · 
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a g e  a t  s l a u gh t er .  
Ir�!� M� ��Yr �m� � �  
V ar i ab l e  c o d e s  a n d t he ir. de f i n i t i on s  a r e  pre s e n t e d 
i n  t able 6 .  C ow t ra i t s  s t u d i e d i n  t h e pre w e a n i n g  a n aly s e s  
i n c l ud e d  y e ar o f  r e c ord ( YR ) , bre e d  o f  d am ( B O D ) , P H E R F  an d 
s e x  o f  c a l f  ( S E X ) . B e c a u s e  o f  t h e ma n n er i n  w h i c h t h e h e r d 
was d e v e l o p e d an d t erm i n a t i on o f  t h e  s u p er m a n a g e m e n t 
pro g r am a f t er 1 9 7 8 , e a c h  c ow a g e  clas s a n d  m a n a g em e n t g r o u p  
w a s  n o t  r e p r e s e n t e d i n  e a ch y e ar .  T o  ac c o u n t for t h i s  
s o u r c e  o f  v ar i a t i o n a g e  o f  d am a n d  m a n a g em e n t w er e  c omb i n e d  
i n t o  a g e  o f  dam-man a g em e n t  c l a s s e s an d n e s t e d w i t h i n  YR 
( AM : YR ) . C alv i n g  p e r c e n t  ( P ART ) w a s  d e f i n e d a s  t h e 
propor t i o n o f  c ow s  c al v i n g  o f  c ows exp o s e d i n  t h e b re e d i n g  
he r d . W e a n i n g  p erc e n t ( WE A N )  was de f i n e d  a s  t h e  p r o p o r t i o n 
o f  c ow s  w e an i n g  a l i v e  c a l f o f  cows exp o s e d  i n  t h e b re e d i n g  
he r d . B i r t h  w e i gh t  ( BWT ) w a s  t h e b o d y  we i gh t  o f  a calf 
m e a s ure d w i t h i n  2 4  h o urs f o l l ow i n g  b ir t h . W e a n i n g  w e i gh� 
( WWT ) w a s  the w e i g h t  of a c al f  a t  fall w e a n i n g  t i m e . 
Wean i n g  we i ght m o d e l s  i n clu d e d  a g e  o f  c a l f  
con t i n u o u s  v ar i able . G e s t a t i o n len g t h  (G E S T ) 
b y  s ub tra c t i n g  A I  
Jul i a n b i r t h  d a t e  
bre e d i n g  d a t e s  for e a ch 
of h e r ca l f  ( D O B ) and 
( AO C ) as a 
w as d e t e rm i n e d  
cow from 
s el e c t i n g  
t h e  
t h e 
g e s t a t i o n l e n g t h  wh i ch con f orm e d  t o  a 2 85 + 1 0  d 
r e s t r i c t i o n . Pe r c e n t  f i rs t  serv i ce c o n c e p t i � n o f  cows 
calv i n g  (C O NC E P ) was m e a s ure d as t he propor t i o n o f  A I  bred 
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c ows c o n c e i v i n g  a t  f i r s t  s e r v i c e f o l l o w i n g  c a l v i n g . 
D ys t o c i a  w a s  m e a s u r e d  b o t h  a s  a p r o p o r t i o n  o f  c ow s  c a l v i n g  
t hat e x p e r i e n c e d  dy s t o c i a  ( P D YS T )  a n d  a s  d e g r e e  o f  d y s t o c i a  
( D D Y S T ) m e a s ur e d  o n  a s c a l e o f  1 t o  5 wher e  1 i n d i c a t e d  
n o rm a l  de l i v e r y , 2 - s l i gh t  d i f f i c u l t y ,  3 - m o d e r a t e d i f f i c u l t y , 
4 - s e v ere d i f f i cu l t y a n d  5 - c ae s a r e an s e c t i on . F a l l c ow 
we i gh t  ( F L W T) w a s  t h e we i g h t  o f  a c ow t a k e n  a t  w e an i n g  t i me 
in  the fa l l . C ow w e i gh t  c h a n g e  dur i n g  l a c t a t i o n ( WT C HNG ) 
was m e a s ure d a s  t h e d i f f e r e n c e  b e t w e e n  F LWT a n d  a s p r i n g  
we i gh t  t a k e n  p o s t c a l v i n g . F a l l c ow c o n d i t i o n ( FC O N D ) was 
m e a s u r e d  a s  t h e w e i gh t - h e i gh t  r a t i o  F LWT d i v i d e d  b y  fa l l  c ow 
h e i gh t . S p r i n g  c ow c o n d i t i o n ( S C O ND ) w a s  t h e  w e i gh t - h e i gh t  
r a t i o  o f  s p r i n g  c ow we i gh t  d i v i d e d  b y  s p r i n g  c o w  h e i gh t . 
C ow c o n d i t i o n · c h a n g e  dur i n g  l ac t a t i o n ( C D C H N G ) w a s  t h e 
d i ff e r e n c e  b etw e e n  F C O N D  a n d  S C OND . F a l l c ow h e i ght w a s  n ot 
meas u r e d  i n  1 9 7 7  an d a l l  we i g h t - h e i g h t  r a t i o s for t h a t  year 
a re ab s e n t  f r om t h e d a t a .  
P o s t w e an i n g  an a l y s e s  i n c l u d e d  B O D ( wh i ch a l s o  
i n d i c a t e s b r eed o f  s t e e r ) a n d  YR . Age o f  dam a n d  m a n a g e m e nt 
w e re nes t e d w i t h i n  YR as  i n  t h e p r ew e an i n g  d a t a . M a r b l i n g  
( M AR ) , qu a l i t y g r a d e  ( QG )  an d k i dney-pel v i c  f a t  e x p r e s s e d  as 
· a pe r c e n t o f  c a r c a s s w e i gh t  ( K P F AT ) , w e r e  s ub j e c t i ve l y  
e s t i m a t e d b y  a r e p r e s e n t a t i v e o f  t he US D A  g r a d i n g s e r v i ce .  
MAR w a s  c o de d  from 1 t o  1 1 , dev o i d  t o  ex t reme l y  ab u n d an t , 
r espe c t i v e l y .  U S D A  c o d i n g  f o r  M AR cha n ged du r i n g t he c o u rse 
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o f  t he s t u dy r e qu i r i n g  c o n v e r s i o n  o f  t h e n ew e r s c a l e  ( r a n g e 
= 1 - 2 4 ) b a c k  t o  t he o l d e r  s c a l e  ( r an ge = 1 - 1 1 )  t o  m a k e a l l 
MAR d a t a  c omp a t i b l e . T h e  US D A  cu t ab i l i t y f o rm u l a  ( Mu r p h e y  
e t  a l . ,  1 9 6 0 ) w a s  u s e d  t o  e s t i m a � e  p e r c e n t  r e t a i l c u t s  f o r  
e a c h  c a r c a s s ( C U T ) . F a t  t hic k n e s s  ( F T H )  w a s  m e a s u r e d  wi t h  a 
r u l e r  a t  a s i n g l e  p o i n t  t h r e e - f o u r t h s o f  t h e d i s t an c e  from 
t h e c h i n e  b o n e  e n d  a n d  p e r p e n d i c u l a r t o  t h e l o n g  a xis o f  
t h e  l on g i s s i m u s  m u s c l e .  R i b - e y e  a r e a  ( RE A ) w a s  a p l an i m e t e r  
m e a s u r e m e n t o f  a n  ac e t a t e  t r acin g  o f  t h e l o n g i s s i mu s  m usc l e  
t ak en a t  t he 1 2 t h  r i b  o f  t h e r i gh t  sid e . C o l d  c a r c ass 
we i gh t  ( C C A RW T )  w a s  e s tim a t e d  b y  mu l tip l yin g h o t c a r c ass 
weigh t ( HC A RW T ) b y  . 9 7 5  ( 2 . 5  p e r c e n t  s h rin k ) .  Y i e l d . g r a d e  
( YG )  w a s  c a l cu l a t e d u sin g t he f o rm u l a : YG = 2 . 5  + 2 . 5  ( F T H , 
2 
in ) + . 2  ( KP F A T , % )  + . 0 0 3 8  ( HC ARW T , l b ) + . 3 2 ( R E A , in ) 
( US D A , 1 9 7 5 ) . C a r c ass we i g h t  p e r  day o f  a g e  ( C A RWT D ) was 
ca l c u l a t e d  b y  divid i n g  C C ARWT b y  s l au g h t e r  a g e  ( S L A G E ) . 
D ays o n  f e e d  ( D O F ) w a s  t h e tim e  f r om w e a n i n g  t o  s l au gh t e r  in 
days . 
A n  in � t i a l e f f o r t  was m a d e  t o  an a l yze t h e  d a t a  b y  
se p a r a tin g b r e e d  g r o up e f fe c t s in t o  a d di tiv e ,  h e t e r o z y go tic , 
m a t e r n a l  an d m a t e r n a l  h e t e r os i s  f r a c t i on s  a s  d e s c r i b e d  b y  
Dick e r s o n ( 1 9 6 9 ) , D i l l a r d  e t  a l . ( 1 9 8 0 ) a n d  A l e n d a an d 
Mar t i n ( 1 9 8 1 ) .  Th i s  i n v o l v e d  s e t t i n g  up c o e f f i c i e n ts f o r  
each o f  t h e f r a c ti o ns f o r  t h e v a ri o us b r e e d  g r o ups . T h e  · 
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g e n era l m o d el w a s  t h e s am e  a s  t ha t  u s e d  b y  D i l l ar d  e t  al . 
( 1 9 8 0 ) . T o  av o i d  a s i n g u l a r m a tr i x  bre e d  a d d i t i v e  an d bre e d  
ma t ern al e f f e c t s w ere comp u t e d  a s  d e v i a t i o n s  from H H . 
Un for t u n a t e l y  
t h e p o s s i b l e  
t h i s  t yp e  o f  an a l rs i s  r e q u ire d t h a t  m o s t o f  
s tra i gh t bred a n d  rec i pro c al l y  �ro s s e d 
comb i n a t i o n s  b e  pre s e n t  for e a ch bre e d . 
a v a i lable w i t h i n  t h e exp er i m e n t al h erd , 
Wh i l e  m a n y  wer e  
re s u l t s  o f  t h e 
an a l y s e s , u s i n g  t h e me t h o d  o f  l e a s t  s qu ar e s  f o r u n e qu a l  
s ub cl a s s e s n umb ers ( H a r v e y , 1 9 7 6 ) , i n d i ca t e d i n s u f f i c i e n t 
comb i n a t i o n s  a n d  n umb ers ex i s t e d w i t h i n  s om e  s ub c l a s s e s . 
F o r t h i · : r • · . • s o n  t h e  a n a l y s i s  was ab a n d o n e d  i n  fa vor o f  
e x am i n i n g  B O D  a n d  P HE R F  e f f e c t s . D a t a  w e r e  a n a l yz e d  u s i n g  a 
f i x e d  m o d el i n  t hre e major s t e p s  wh i c h  i n c l ud e d  prew e a n i n g  
bre e d  gro u p  c o d e d  a s  B O D  ( P RE ! ) , pre w e a n i n g  gro u p  co d e d  as 
PHE R F  ( P RE 2 )  an d . p o s t w e a n i n g  bre e d  gro u p  c o d e d  a s  BOD 
( PO S T ! ) � T h e  n u l l h yp o t h e s i s  f or t h i s  s e t  o f  an a l ys e s  was 
t h at  d i f fere n c e s  b e t w e e n  i n d e p e n d e n t v ariable c l as s e s  w ere 
e q ua l  t o  zero . 
D e p e n d e n t  v ar i ab l e s s t u d i e d  i n  b o t h  P RE l an d P RE 2 
i n clud e d  PART , · WE AN , WWT , G E S T , C O NC E P , D O B , F LWT , BWT , 
PD YS T , D D Y S T , W T C H NG , F C O N D , S C O N D  an d C D C HNG . I n de p e n d e n t 
va r i ab l e s  i n clu d e d  B O D , YR , AM : Y R ,  S E X , a n d  A O C. D e p e n d e n t 
var i ab l e s  w er e  group e d  i n t o  s e ve n  d i f f ere n t  d a t a  s e t s  
accord i n g  t o  m o d e l re q uir e m e n t s  a n d  n umb er o f  o b s e r va t i o n s  
av a i l ab l e  ( t ab l e s  8 an d 9 ) . I n i t i a l  m o d e l s  c o n t a i n e d  
app r o p r i a t e  i n d e p e n de n t  a n d  co n t i n u o u s  _ e f f e c t s a s  w e l l  as 
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al l t w o - f a c t o r  i n t e r ac t i o n s  b e t w e e n  d i s c r e t e  m a i n  e f f e c t s 
( exc e p t  AM : Y R ) .  E i t h e r  B OD ( i n P RE ! ) o r  P H E R F  ( i n P RE 2 ) 
w e r e  p r e s e n t w i t h  YR i n  all m o d e l s . S ex o f  c a l f  a n d  AOC 
we r e  i n c l ud e d  wh e r e a p p r o p r i at e .  F i n a l  m o d e l s  a r e  p r e s en t e d 
i n  t ab l e  8 ( P R E l ) an d t able 9 ( P R E 2 ) .  In t e r a c t i o n e f f e c t s 
foun d n o n s i gn i f i c an t ( P > . 2 0 )  f o r  a l l d e p en d e n t v a r i ab l e s  i n  
t h e m o d el g r o u p  w e r e  e l i m i n a t e d a f t e r  e a c h  a n al y s i s  an d t h e 
mo de l r e an a l yz e d . I n i t i a l  m o d e l s  i n  P R E 2 c o u l d  n o t  b e  
an aly z e d w i t h o u t  i n t e r f e r e n c e  f r om d e p e n d e n c i e s . 
In v e s t i g a t i o n r e v e a l e d  t he p r ob l em s o u r c e  a s  t h e P HE R F  x YR 
i n t e r a c t i o n . E l i m i n a t i o n of t h i s  i n t e r a c t i o n a l low e d  
s o l u t i o n o f  t h e v a r i ou s  P HE R F  m o d el s , b u t  a t  t h e  exp e n s e  o f  
es t i m a t i n g t h e i n t e r a c t i o n e f fe c t . B O D  a n d  P H E R F  cla s s  
comp a r i s o n s  w e r e  m a d e  w i t h - l i n e a r  fun c t i o n s . M o r e  
comp a r i s o n s  w e r e  m a d e  t h an t h e r e  we r e  i n d i v i du a l d e g r e e s  of 
f r e e d om . Th i s  w a s  c om p en s a t e d f o r  b y  u s i n g  t ab u l a r t v a l u e s  
fo r t w o - t a il e d  t e s t s  a s  d e s c r i b e d b y  C un d i f f e t  a l . ( 1 9 7 4 ) . 
Un l e s s  o t he rw i s e  i n d i c at e d  t h e . 0 5 s i gn i f i c a n c e  l e v e l  w a s  
us ed . 
D e p e n d en t v a r i able s s t u d i e d i n  PO S T !  i n c l u d e d  MAR , 
KP FAT , C UT , YG , C C ARWT , C A RW T D , F T H , R E A , Q G , D O F a n d  S LA G E  . 
. The p o s t w e an i n g  p o r t i o n o f  t h e an a l y s e s  d i d  n o t  i n c l u d e  a 
P HE R F  p h a s e d u e  t o  la c k  o f  ob s e rv a t i o n s  i n  s om e  s ub c l as s e s . 
In dep e n d e n t m a i n  e f f e c ts w e r e  B O D , YR , a n d AM : YR .  
E v alua t i o n o f  c a r c as s  an d p o s t w e an i n g  t r a i ts a d j u s t e d to a 
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c omm on e n d  p oin t i s  o f t e n  u s e d  t o  d e t e rm i n e  t h e s o u r c e ( s )  o f  
gr oup d i f fe r e n c e s . C h o i c e o f  a n  e n d  p o i n t  d e p e n d s  on 
whe t h e r  i t  is d e sirab l e  t o  ma k e  c omp a ri s o n s  o n  t he b a sis o f  
e f fic i e n t  l e a n  m e a t  p r o du c ti o n  ( we i gh t o r  tim e e n d  p o i n t ) o r  
f o r  me a t  o f  a c o n s t an t  fa t - t o - l e an r a tio ( f a t n e s s  e n d " p oin t ) 
( B I F ,  1 9 7 6 ) . A d j u s t m e n t f o r  we i gh t  an d tim e e n d  p o i n t s  w a s  
c ho s en fo r p o s t w e a nin g d a t a o f  t his s t ud y . E v i de n c e  f r o m  
p r e l i min a r y  an a l y s e s  in d i c a t e d  B O D  d i f fe r e n c e s  w e r e  s ma l l 
for D O F  ( P < . O O l )  a n d  n o n signi f i c an t fo r S L A G E . S l au g h t e r  
age w as e l i m i n a t e d f r om c o n si d e r a ti o n  a s  a c o v a r i a t e  w hi l e  
D O F  was in c l ud e d  in s om e  mo d e l s  t o  examin e i t s  r e l a ti o n s hip 
t o  v a rio u s  d e p e n d e n t v a riab l e s . T o  a d j u s t d a t a t o  a 
c o n s t a n t  c a r c as s weigh t C C ARWT was in c l u d e d  a s  a c o v a ria t e  
i n  s e p a r a t e  an a l y s e s  o f  m o s t m o d e l s . A d j u s t m e n t f o r  a g �  
( ie . S L AGE ) is n o rma l l y  m a d e  s o  r emainin g v a ria t i o n  r e f l e c t s  
dif fe r en c e s  d u e  t o  
1 9 7 1 ) . A d j us t m e n t  
tis s ue g r ow t h  r a t e  
f o r  weigh t ( ie .  
( C un d i f f e t  a l . ,  
C C A RW T ) a l l ow e d  
in t e rp r e t a ti o n  o f  r em ainin g v a r i a tion a s  d u e  t o  dif f e r en c e s  
in � r o p o r ti o n  o r  c omp o sit i o n ( Din k e l  e t  a l . ,  1 9 65 ) . 
D e p en d e n t v a r 1 ab l e s  w e r e  g r o up e d  in t o  fiv e  d a t a s e t s  
ac c o r din g t o  n umb e r  o f  av a i l ab l e o b s e r v a t i o n s  ( t ab l e  1 0 ) . 
Fin a l  m o d e l s  wi t h  a n d  wit h o u t  c o v a ria t e s D O F  an d C C A RWT w e r e  
an a l y z e d . C o n tin u o u s  v a riab l e s D O F  an d C C ARWT w e r e  examin e d  
as b o t h  l i n e a r  an d q u a d r a tic e ffe c t s . A s  i n  t h e p r ew e anin g 
an a l y s e s , a l l n o n signifi c a n t inte r a c t i o n s  w e r e  � e m o v e d  f r om 
fin a l m o d e l s  an d g r o up c l a s s e s  t e s t e d wit h  lin e a r  fun c t i o n s . 
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L e a s t - s q u a r e s  m e a n s  an d s t an d a r d  e r r o r s  f o r  B OD 
p r ewe a n i n g t r a i t s a r e  g i v e n  i n  t ab l e  1 1 .  E v i d e n c e  o f  B O D  
d i f f e r e n c e s  w a s  f o u n d  f o r  B W T  ( P < . O O l ) , WWT ( P < . O O l ) , G E S T  
( P < . O O l ) , F LW T  ( P < . O O l ) , WTC HNG ( P < . O O l ) , FC O N D  ( P < . O O l ) , 
S C O ND ( P < . O O l ) a n d  C D C HNG ( P < . O l ) . B r e e d  g r o u p  d i f f e r en c e s  
i n  r e p r o du c t i o n , a s  m e a s u r e d b y  P A R T , W E AN , D O B , C O NC E P , 
D D YS T  a n d  P D YS T , w e r e  n o t  s i gn i f i c an t amo n g  B O D  g r o up s . 
The o v e r a l l m e a n  o f  8 8 . 5 % f o r  P A R T  i n  t h i s  s t u d y  w a s  s i m i l a r 
t o  t h at f o u n d b y  D o o l e y e t  a l . ( 1 9 8 2 ) i n  a s u r v e y  o f  S o u t h  
D a k o t a  b e e f  c a t t l e p r o d u c t i o n ( 8 7 . 2 % ) . A l t h o u gh n o t  an 
i m p o r t an t  s o u r c e of v a r i a t i on _ f o r  t h i s  t r a i t , B O D  ( P < . 0 7 )  
an d t h e B O D  x YR i n t e r a c t i o n ( P < . 0 8 ) d i d  s h ow a t e n d e n c i 
f o r  c r o s � b r e d d am s  t o  hav e h i g h e r  P A R T  m e an s , e s p e c i a l l y i n  
y e a r s  o f  b e l ow n o rm a l r a i n fa l l .  S i m i l a r i t y o f  B O D  g r o u p s  
f o r  P AR T  a g r e e s  w i t h f i n d i n g s o f  G a i n e s  e t  a l . ( 1 9 7 8 a ) f o r  
c r o s s e s  amo n g  A n g u s , He r e f o r d  an d S h o r t h o r n  c a t t l e . 
W i l t b a n k  e t  a l . ( 1 9 6 7 ) a l s o  f o u n d  l i t t l e d i f fe r e n c e  i n  
PART am o n g  He r e f o r d  a n d  A n gu s  c a t t l e an d t h e i r  r e c i p r o c a l  
cro s s e s . I n  c o n t r a s t , R e y n o l d s an d U r i c k ( 1 9 84 ) f o u n d  
l a r g e ,  h i gh m i l k i n g  c r o s s b r e d  c o w s  h a d  1 0 � 0 % l ow e r p r e gn an cy 
r a t e s  t h a n  m e d i um w e i gh t , mo d e r a t e m i l k i n g  c r o s s b r e d  c o w s  
un de r en v i r o nm e n t  s i m i l a r t o  t h e c u r r e n t s t u d y . C u n d i f f et 
a l . ( 1 9 7 4 ) i d e n t i f i e d  i m p o r t an t  d i f f e r en c e s  ( P < . O l )  am o n g  
c r o s s e s  o f  H e r e fo r d , 
con c e p t i o n  r a t e s  a n d 
A n g u s  
f i r s t 
an d S h o r t h o r n c a t t l e  
s e r v i c e  c o n c e p t i on . 
d i ff e r e n c e s  w e r e  n o t  e v i d e n t fo r WE AN ( P > . lO ) , 
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f o r  
B O D  
wh i c h 
comb i n e d w i t h  r e s u l t s  f o r  P A R T  s u g g e s t s  l i t t l e  d i f f e r e n c e  
amo n g  g r o up s  fo r c al f  s u r v i v ab i l i t y  t o  w e an i n g . T h e  o v e r all 
m e an fo r WE A N  i n  t h i s  s t u dy o f  8 3 . 0 % w a s  h i gh e r  t h a n  t h e  
7 8 . 1 % S o u t h  D a k o t a  av e r a g e  r e p o r t e d b y  D o ole y e t  al . ( 1 9 8 2 ) . 
Reyn olds an d U r i ck ( 1 9 84 ) r e p o r t e d a 1 2 . 7 % l owe r WEAN 
a v e r a g e  f o r  l a r g e , h i g h p r o d u c i n g b i olo g i c a l  t yp e s  as 
comp a r e d t o  m e d i um , m o d e r a t e p r o d u c i n g  t yp e s  o n  r an g e 
s i m i la r t o  t h e c u r r e n t  s t u d y . C u n d i f f e t  a l . ( 1 9 7 4 ) fo u n d  
c r o s s b r e d s  w e a n e d  6 . 4 % m o r e  c alv e s  t h an s t r a i gh t b r e d s , b u t  
t h i s  d i f f e r e n c e  w a s  a t t rib u t e d t o  d i ff e r e n c e s  a t  c a l v i n g  a n d  
n o t  i n  p o s t n a t al c a l f s u r v i v ab i l i t y .  G a i n e s  e t  al � 
( 1 9 7 8 a , b )  d i s c o v e r e d  l i t t l e W E A N  d i f f e r e n c e  amo n g  B r i t i s h  
s t r ai gh t b r e d s o r  c r o s s e s  an d W i l t b an k  e t  a l. ( 1 9 6 7 ) foun d 
lit tle d i f f e r e n c e  in WE AN fo r A n g u s  an d H e r e f o r d  c a t t l e  an d 
th e i r  r e c i p r o c al c r o s s e s . G r e g o r y  e t  a l . ( 1 97 8 a ) f o un d 
B r i t i s h c r o s s e s sim i l a r  t o  la r g e r  a n d ( o r )  h i g h e r  mil k i n g  
co n t i n e n t al b r e e d s  fo r WEA N , in dep e n d e n t o f  c a l v i n g  pe r c en t . 
C alv e s  o f  HH a n d  AH dams w e r e  s i m i l a r  fo r BWT, 
· av e r a g i n g  3 5 . 6 3 a n d  3 5 . 2 9 k g  r e s p e c t i v e l y . B u r r i s  a n d  B l un n  
( 1 95 2 )  fo un d s m a l l  b u t  sign i f i c an t di ffe r e n c e s  b e t w e e n  
bi r t h 
t h e  
w e i gh t s  o f  c a l v e s  f r o m  A n gu s  a n d  H e r e f o r d  
p r e s e n t  s t ud y  c al v e s  o f  S H  d am s  w e r e  4 . 6 3 
c o w s . I n  
" k g  ( 1 2 . 2 % )  
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heavi e r  ( P < . 0 5 )  a t  b i r t h  t ha n  t ho s e o f  HH o r  AH d am s , 
s u g g e s t i n g  a d d i t i v e  c o n t r i b u t i o n s  o f  t he S i mme n t a l b r e e d  
an d ( o r )  h e t e r o s i s  f r om t h e  c r o s s . N o t t e r  e t  a l . ( 1 9 7 8 a ) 
foun d S i m � e n t a l c r o s s  c a l v e s  h e av i e r  a t  b i r t h  t h a n  A H  c r o s s  
ca l v e s . G a i n e s  e t  a l . ( 1 9 7 8 a ) in dic a t e d  c a l v e s  f r om 
c r o s s b r e d c ow s  w e r e h e av i e r  a t  b i r t h  t h a n  t h o s e f r om 
s t r a i g h t b r e d  c ow s  an d a t t r i b u t e d  t h i s  t o  h e t e r o s i s  an d 
add i t i v e  i n f l u en c e  o f  c ow b o dy w e i gh t . S i m i l a r r e s u l t s  hav e 
a l s o  b e e n  ob s e r v e d  b y  o t h e r s ( C h a pman e t  a l . ,  1 9 7 8 ;  G r e go r y  
e t  a l . ,  1 9 7 8 a , b )  l i n k i n g  l a r g e r  exo t i c  b r e e d s  a n d  c r o s s b r e d s  
t o  h i g h e r BWT . 
S H  d am s  w e a n e d  c a l v e s  av e r a g i n g  1 7 . 3  k g  ( 7 . 8 � )  
heav i e r  ( P < . 0 5 )  t h an c a l v e s  o f  AH dams a n d  3 3 . 0  k g  ( 1 5 . 4 � )  
heav i e r  ( P < . 0 5 )  t ha n  c a l v e s  o f  H H  dam . P r e w e a n i n g  g a i n , 
c a l c u l a t e d us i n g  BWT a n d  WWT m e a n s , was fa s t e s t  fo r S H  
ca l v e s  ( . 9 3 k g / d )  f o l l ow e d  b y  AH c a l v e s  ( . 8 7 k g / d )  a n d  HH 
c a l v e s  ( . 7 9 k g / d ) . No t t e r  et a l . ( 1 9 7 8 b ) f o u n d s i m i l a r 
ran k i n g  b e t w e e n  c a l v e s  o (  S i mm e n t a l  an d A H  c r o s s  c o w s . 
Reyn o l d s an d U r i c k ( 1 9 8 4 ) r e p o r t e d s ub s t an t i a l  WWT adv an t a ge 
fo r l a r g e , h i gh m i l k i n g  b i o l o g i c a l  t ype s o v e r  m e d i um ,  
mode r a t e m i l k i n g  t yp e s . M a c N ei l  e t  a l . ( 1 9 8 2 ) i n  an 
an a l ys i s  o f  S o u t h  D a k o t a  B e e f  I mpr o v em e n t A s s o c i a t i on 
r e c o r ds f o u n d  c a l v e s  o f  c r o s s b r e d  d ams a v e r a g e d  4 . 4  k g  
he av i e r a t  w e a n i n g  t h an c a l v e s  o f  s t r a i gh t b r e d  d am s . T h r i ft 
e t  a l . ( 1 9 7 8 )  r e p o r t e d s i gn i f i c a n t l y  h e a v i e r  w e a n i n g  we i g h t s  
fr om c a l v e s  o f  c r o s s b r e d  c ows a s  c omp a r e d  t o  s t r a i gh t b r e d  
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c o ws . A g e  o f  c al f  h a d  an imp o r t an t  lin e a r  in flu e n c e  o n  WWT 
( P < . O Ol ) w i t h  c al f  we anin g a ge av e r a g i n g  2 0 5 . 6  d .  E v i d e n c e  
o f  a B O D  x Y R  in t e r a c ti o n  w a s  f o un d ( P < . 0 5 )  i n  w hi c h  S H  dams 
app e a r e d  t o  h a v e  ab o v e  a v e r ag e  WWT p e r f o rm an c e  in d r y  y e a r s  
w hile o t he r  g r o up s  ( e s p e cially HH ) h a d  b e l ow a v e r a g e  
p e r fo rman c e . Y e a r s  a s s o ci a t e d  w i t h  h i gh r a i n f all t e n d e d  t o  
r e du c e  di f f e r e n c e s  b e t w e e n  t he S H  a n d  o t h e r  g r o u p s . 
G e s t a ti o n  l e n g t h  dif f e r en c e s  d u e  t o  B O D  we r e  
g e n e r al l y  s m a l l .  A H  an d H H  d am s  had s i m i la r g e s t a tion 
le n g t hs of 2 84 . 6  an d 2 84 . 9 d r e s p e c t i v ely . T h e s e  r e s u l t s  
duplic a t e  fin din gs o f  G r e go r y  e t  al . ( 1 9 7 8 a ) f o r AH 
ge s t a t i o n l e n g t h  b u t  a r e  sl i gh t ly l e s s  t h an e s t im a t e s  o f  HH 
g e s t a ti o n  l e n g t h  f o u n d  by G r e g o r y e t  al . ( 1 9 7 8 a )  a n d  B u r ris 
and B l u n n  ( 1 9 5 2 ) . The sligh tly lon g e r  2 8 6 . 6 d g e s t a t i o n 
l en g t h ( P < . 0 5 )  o f  S H  dams a g r e e s  wi t h  r e s e a r c h  b y  A n d e r s o n  
e t  al . ( 1 9 7 8 ) . G e s t a ti o n  len g t h s  o f  2 8 6 . 2 an d 2 8 2 . 9  d we r e  
ob s e r v e d  b y  S mi t h  e t  al . ( 1 9 7 6 a ) fo r Simme n t a l  an d AH sir e d  
c a l v e s r e s p e c ti v el y .  I n  t h e  s am e  s t udy , g e s t a ti o n  l e n g th s  
o f  2 85 . 5  d f o r HH d am s  an d 2 8 1 . 6  d f o r  A A  d ams w e r e  
als o r ep o r t e d . · D i f f e r e n c e s  am o n g  B O D  gr oup s f o r  D O B  we r e  
n o t  sign ific a n t . Di f f e r e n c e s  i n  C O NC E P  c o uld in dic ate 
d i f f e r e n t i a l  r e c o v e r y f r om c a l v i n g  in t h e  p o s t p a r t um 
i n t e r val f r om c alvin g t o  r e s ump tion o f  f e r t i l e e s t r u s, b ut 
B OD d i f f e r e n c e s  we r e  n ot o b s e r v e d  f o r  th i s  t r a i t . S i n c e  
litt l e  B O D  di f f e r e n c e  w a s  foun d f o r  P A R T , D O B  o r
.
G E S T, l a c k  
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o f  d i f f e r e n c e  in C O NC E P  w a s  n o t  un exp e c t e d . K r e s s  e t  al . 
( 1 9 84b ') als o  f o u n d n o  d i f f e r e n c e  f o r  c o n c ep t i o n d a t e  i n  H H , 
AH an d S H  t w o  y e a r - o l d  c ow s . T h e s e r e s ul t s  d i s a g r e e  w i t h  
t h o s e o f  C un d i f f e t  al . ( 1 9 7 4 ) �ho f o u n d 6 . 5 % c o n c ep t i on 
r a t e a n d  6 . 6 % f i r s t  s e rv i c e  c o n c e p t i o n r a t e dif f e r e n c e s  
amo n g  s t r a i gh t b r e d  an d c r o s s b r e d B ri t i s h c a t t l e . H a n s en e t  
al . ( 1 9 8 2 ) f o u n d l e v el o f  m i lk p r o du c t i o n in flue n c e d  
p o s t p a r t um r e p r o du c t i on w h e n  n u t r i ti o n  w a s  l i m i t e d .  L a ck o f  
B O D  d i f f e r e n c e  i n  t he c u r r e n t s t u dy s u gg e s t s  s u f ficie n t  
e n e r gy w a s  a v a i lable f o r  t h e  l a r g e r  a n d  h i gh e r  m i lk i n g  S H  
dams t o  m a i n t a i n  r e p r o d u c t i o n . Dis ag r e eme n t  o f  r e s ul t s  f o r  
r e p r o d uc t i v e p e r f o rm a n c e  b e t w e e n  t he c u r r en t s t u d y · an d 
r e s e a r c h  c o n du c t e d b y  Reyn olds a n d  U r i c k ( 1 9 8 4 ) a t  M i l e s  
C i t y, M o n t an a  i s  n o t able s i n e �  t he t w o  exp e r i me n t s t a t i o n s  
a r e  r ela t i v ely clo s e  g e o g r a p hic ally . 
N o  e vid e n c e  w a s  f o un d  i n d i c a t i n g  B O D  d i f f e r e n c e s  
f o r  e i t he r  D D YS T  ( P > . 0 7 )  o r  P D YS T  ( P > . lO ) . E v e n  if 
s i gn i f i c a n t d i f fe r e n c e s  h a d  b e e n  f o u n d t h e  a v e r a g e  D D YS T  
s c o r e  f o r  a n y  B O D  g r o up w a s  o nly s l i g h t ly ab o ve 1 ( n o 
d i f f i c ul t y )  w h i c h  is o f  q u e s t i o n able p r ac t i c a l  i mp o r t an c e . 
S ev e r al s t u d i e s c o n c u r  w i t h  t he p r e s e n t  s t ud y  t h a t  l i t t l e  
d i f f e r e n c e  exi s t s  b e t w e en A H  a n d  H H  b r e e d  g r o u p s  f o r  
dys t o c i a  l e v el s  ( An d e r s o n  e t  al . , 1 9 7 8 ; G r e g o r y e t  al . , 
1 9 7 8 a, b ) . B r i t i s h  v e rsus exo t i c  c om p a riso n s  a r e  v a r i able 
d e p e n d i n g  up o n  s p e cific b r e e d s  i n volv e d  b u t  d i f f e r e n c es 
b e t w e e n  S H  b i ol o g i c al t yp es an d e i t h e r  A H . o r  H H  b r e e d  g r o u p s  
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have g e n e r a l l y  b e en s ma l l  ( A n d e r s o n  et a l . , 1 9 7 8 ; a n d  
G r e g o r y  e t  a l . ,  1 9 7 8b ) . The i n t e r ac t i on B OD x Y R  w a s  f o u n d  
s i gn i f i c an t  i n  b o t h  dys t o c i a  m o de l s . G e n e r a l l y, D D Y S T  a n d  
P D Y S T  e q ua l i z e d  am o n g  t h e t h r e e  B 06 g r ou p s i n  1 9 7 5  an d 1 9 8 1 . 
I n  o t h e r  ye a r s  d y s t o c i a  l e v e l s  were r a r e l y  i d e n t i c a l  b e t w e e n  
g r o u p s  an d f r e qu e n t r a n k  c h an g e s  o c c u r r e d . I t  w a s  ob s erv e d  
t h a t  1 9 7 5  a n d  1 9 8 1  e a c h  fo l l ow e d  a y e a r  o f  s ub n o rm a l  
ra i n f a l l wh i c h m a y  h av e  h a d  s om e  p h y s i o l o g i c a l  e f f e c t  o n  t h e  
cow h e r d . A s  p r e v i o u s l y  in d i c a t e d  dys t o c i a  d i f f e r e n c e s  
ob s e r v e d  i n  t h i s  st u d y  were l i k e l y  o f  l i t t l e pr a c t i c a l  
i m p o r t an c e . I t  s h ou l d  b e  n o t e d  t h a t  i n  a d d i t i o n t o  u s e  o f  
An gus s ir e s  f o r  h e i f e r  b r e e d i n g , h e i f e r  c a l v i n gs w ere 
r e du c e d  o r  ab s en t  i n  s e v e r a l  y e a r s  o f  t h e c u rre n t  s t u dy. 
Th i s  w o u l d  p r ob ab l y  i n f l u e n c e  o v e r a l l d y s t o c i a  l e v e l s .· 
S i mi l a r f a c t o r s w e r e  a l s o  p r e s e n t in s t u d i e s b y  A n d ers o n  e t  
a l . ( 1 9 7 8 ) . ( d i f fe r e n t  b r e e d  o f  s i r e s  u s e d  o n  h e i f e r s ) an d 
G r e g ory e t  a l . ( 1 9 7 8b )  ( n o he i f e r s  i n  s t u d y ) . 
S i mm e n t a l -H e r e f o r d  d ams w e r e  1 4 . 9% h e a v i e r ( P < . O l ) · 
for F LWT t h an A H  d am s  a n d  8 . 6 % h e a v i e r  ( P < . O l )  t h a n  H H  d am s . 
The l a r g e r  s i z e  o f  S H  dams i n d i c a t e s  h i gh e r  m a i n t e n an c e  
r e q u i r eme n t s, b u t  t h i s  w a s  appare n t l y n o t  a l i m i tin g fac t o r  
.i n S H  p r o du c t i v i t y a s  e v i d e n c e d  b y  r e s u l t s  for WE A N  a n d  WWT. 
Cun d i ff e t  a l . ( 1 9 8 l a )  f o u n d  F LWT d i ffere n c e s  b e t w e e n  AH an d 
S H  d am s  t o  b e  c o n s i d e r ab l y  s m a l l e r  ( 3 . 8% ) .  I n  p a r t i a l  
con tras t t o  o t h er s t u d i e s i n  which cro s s b r � d  c ow s  exc e � d e d  
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a l l s t ra i g h t b r e d s  i n  av e r a g e  c o w  w e i g h t  ( G a i n e s  e t  a l . , 
1 9 7 8 a ; C un d i f f  e t  a l . , 1 9 8 l a ) , A H  c ow s  i n  t h e  c u r r en t s t u dy 
d i d  n o t  e xc e e d  H H  c ow s  f o r  F LWT . A l l  BOD g r o u p s  g a i n e d  
we i gh t  d u r i n g  l ac t a t i o ri i n d ic a t i n g  a l l  w e r e  ab l e  t o  m e e t  
p r o d u c t i o n n e e d s  un d e r · r a n g e  c o n d i t i o n s  o f  t h i s  s t u dy . 
S t r a i gh t b r e d  H ere f o r d  dams h a d  t h e  h i gh e s t ( P < . O l )  WTC HNG 
( 6 1 . 8 2 k g )  fol l ow e d  by SH dams ( 5 7 . 1 8 k g ) an d AH d am s  ( 5 2 . 3 2 
k g ) . K r e s s  e t  a l . ( 1 9 84b ) a l s o  o b s e rv e d  h i g h er w e i gh t  
chan g e  i n  H H  d a m s  a s  c om p a r e d  t o  A H  a n d  S H  dams . C ow w e i gh t  
chan g e  dur i n g  l ac t a t i on ( b o t h  curren t an d pre v i o u s  c a l f  cro p  
ye a r ) w as c o r r e l a t e d m o de r a t e l y  w i t h  P AR T  ( r  = - . 4 0 )  an d 
l ow l y  w i t h  C O NC E P  ( r  = . 0 3 ) . T h i s  a gr e e s  · w i t h  
ob s e r v a t i o n s  b y  S t r ic k e r  e t  a l . ( 1 9 7 9 )  t h a t  w e i g h t  g a i n s  o f  
cows d u r i n g  t h e  b r e e d i n g  s e a s p n ap p e ar un a s s oc i a t e d w i t h  
c o nc e p t i o n r a t e . B u t s o n a n d  B e r g  ( 1 9 8 4 ) f o u n d  l ac t a t i o n· 
we i gh t  c h a n g e  an d c ow w e i gh t  a t  w e an i n g  t o  a c c o u n t f o r  
l i t t l e v a r i a t i o n i n  c ow l ac t a t i o n p e r f o rm a n c e . W e i g h t ­
h e i gh t  r a t i o s w e r e  h i gh e s t ( P < . O l )  f o r  S H  dams an d l ow e s t 
( P < . O l )  fo r AH d a m s . T h e  d i f f e r e n c e  b e t w e e n  S H  a n d  A H  dams 
o f  . 2 8 u n i t s  ( 1 0 % ) for F C O N D  an d . 3 0 u n i t s  ( 1 5 % ) for S C O N D  
m a y  i n d i c a t e  i m p o r t an t  d i f f e r e nc e s  i n  b o dy c o n d i t i o n 
p o t e n t i a l l y  i n f l u e n c i n g  p e r form a n c e , b u t  t h e r e  i s  l i k e l y  
s ome n a t u r a l  d i f f e r e n c e  i n  b o dy c om p o s i t i-on b e t w e e n  t h e s e 
b i olo g i c a l  t yp e s . S t r a i gh t b r e d  
i n t e r m e d i a t e  f o r  we i gh t - h e i g h t  r a t i o  
d i f f e r e n t f r o m  e i t h e r  A H  o r  
· s H  dams . 
H e r e f or d  d am s  we r e  
a n d  s i �n i f i c a n tly 
W e i gh t -h e i gh t  r a t i o  
TABLE 1 1 .  LEAST-SQUARES MEANS AND STANDARD ERRORS 
OF BOD PRE WEAN I NG TRA I TS ( PRE l ANALY S I S )  
=============== = = = = ============== = = = = ================ = ======= == = = = = = = = = = = == == = = = = = =  
e 
Tra i t  
PART , ! 
WEAN , 7. 
BWT , k g *** 
WWT , kg Hi 
SES T , d *** 
DOB , d 
CDNCE P , 7. 
d 
DDYSi 
PDYST , I 







kg/em  H f  
kg/em  H 
n . HH ( n o . ) 
1 379 85. 97! 1 . 7 ( 396 ) 
1 379 80 . 05!2 . (; ( 396)  
a 
1 186 3 5 . 63:!: . 26 ( 3 1 6 ) 
a 
1 1 52 1 97 .  77! 1 . 3  \ 3 1 5 )  
a 
927 2 84 . 9 1 ! . 3 1 ( 258 ) 
1 1 86 9 1 . 32± . 90 ( 3 1 6 )  
927 86 . 06!2 . 8 ( 258 } 
1 1 84 1 . 23! . 03 ( 3 1 6 )  
1 1 84 1 2 . 67±1 . 7  ( 3 1 6 ) 
a 
l l B6 475 . 02!3 . 2  ( 3 1 6 )� 
a 
1 1 86 6 1 . 82! 1 .  6 ( 3 1 6 ) 
a 
1 033 3 . 79! . 02 { 270}  
a 
1 033 3 . 33± . 02 ( 27 0 )  
a 
1 033 . 46± . 0 1  ( 270 ) 
e 
Breed of Dam 
AH ( n o . } SH \ n o .  l 
89 . 08:!2 . 0 ( 42 1 ) 90 . 68!1 . 5 ( 562-) 
85 . 69!2 . 4 ( 42 1 )  83 . 1 4!1 . 8  { 56 2 )  
a b 
35 . 29!. 29 ( 376 } 40 . 09! . 22 ( 49 4 i  
b c 
2 1 3 .  49±1 . 4 ( 362 ) 2 3 0 .  76!1 . 1  ( 47 5 }  
a b 
284 . b9:t . 39 (26 5 ) 286 . 62! . 26 ( 40 4 }  
90. 24± 1 . 0  < 37 6 }  92 . 45! . 78 ( 49 4 )  
8 1 . 99!3 . 5 ( 265 i 79 . 68:!:2 . 5 ( 4(14 ) 
1 . 1 6! . 04 ( 3761  1 . 26! . 03 ( 49 2 )  
9 .  99±1 . 9 \ 37 6 }  1 4 .  64!1 . 4 ( 49 2 i  
b c: 
445 . 59!3 . 6 { 37 6 )  5 1 7 . 60!2 . 8 ( 49 4 }  
b c: 
52.  32! 1 . B ( 376)  57 . 1 8! 1 . 4 ( 49 4 )  
b c 
3 . 66! . 02 1.324)  3 . 9 4 ± . (!2 ( 43 9 )  
b :: 
3 . 24± . 02 (32 4 )  3 . 54! . 02 ( 43 9 )  
b c 
. 42! . 0 1 ( 32 4 }  . 40! . 0 1 ( 439 )  
- ----------------------------------------------------------------------------------
• P< . 05 .  
H P< . O l 
HI P< . 00 1  
a , b , c  
Means i n  same r ow wi t h  a t  l east one su p er sc r i p t i n  c ommon d o  not d i f f er 
( P > .  05 l .  
d 
Dyst oc i a  t yp e  s c or e :  1 = none , 2 = s l i gh t , 3 = mod e r at e , 4 = s ever e an d 5 = c -
s ec t i on .  
e 
V ar i ab l e code d ef i n i t i ons a r e  presented i n  t ab l e  1 .  
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d i f f e r e n c e s  f o u n d b y  K r e s s  e t  a l . ( 1 9 8 4b ) b e t w e e n  t w o  y e a r -
o l d  H H , A H  an d S H  d am s  w e r e  s ma l l e r t h an t h e  c u r r en t s t u d y  
b u t  s h o w e d  s i m i l a r t r e n d . R e yn o l ds a n d  U r i c k ( 1 9 84 )  f o u n d 
con d i t i o n s c o r e s  h i gh e r  fo r m e 4 i um , m o de r a t e  p r o du c i n g  
b i o l o g i c a l  t yp e s  c om p a r e d  t o  l a r g e , h i g h p r o du c i n g  t y p e s . 
F a l l c o n d i t i on a n d  S C O ND o f  t he cur r e n t  s t u d y  w e r e  h i gh l y  
c o r r e l a t e d ( r  = . 8 8 )  i n d i c a t i n g  c ow s  t e n d e d  t o  ma i n t a i n  
c o n d i t i o n t h r o u gh o u t  l a c t a t i on .  C h apm an e t  a l . ( 1 9 7 8 ) f o u n d  
l i t t l e  p r a c t i c a l  d i f f e r e n c e  b e t w e e n  An gus an d He r e f o r d  d a m s  
f o r  c o n d i t i o n s co r e  a t  w e an i n g .  A l l g r ou p s  i n c r e a sed 
in w e i gh t - h e i gh t  r a t i o  d u r i n g  l ac t a t i o n . D am s  of t h e HH 
g r oup had t h e h i gh e s t  C D C HNG ( P < . 0 5 )  f o l l ow e d  by AH and S H  
d ams . L e as t - s q u a r e s  m e a n s  o f  f o u r  m i l k pr o du c t i o n t e s t s  
t ak en o n  t w o  y e a r - o l d  he i f e r s  t r an s f e r r e d  t o  t h e  c ow 
e f f i c i e n c y  s t u d y  a t  B r o o k i n g s  ( u n p ub l i s h e d  d a t a )  i n d i c a t e d 
S H  dams h a d  t he h i gh e s t ( P < . 0 5 )  m i l k  p r o d u c t i o n ( 2 0 . 2 k g )  
fo l l ow e d  b y  HH d am s  ( 1 7 . 2  k g ) a n d  AH d am s  ( 1 5 . 6  k g ) . Th i s  
r a n k i n g  i s  s i m i l a r t o  t h a t  r e p o r t e d b y  K r e s s  e t  a l . ( 1 9 84 a )  
fo r t h e s am e  b r e e d  g r o ups . Th i s  r e v e r sa l  o f  ran k f r om 
C D C HNG t o  m i l k  p r o d u c t i o n b y  HH a n d  AH dam s may i n d i ca t e  
fac t o r s  o t h e r  t h an m i l k  p r o d u c t i o n l e v e l  i n f l u e n c e d  C D C HNG . 
L e a s t - s q u a r e s  m e an s  a n d  s t an dar d e r r o r s  f o r  
S E X  a r e  s h own i n  t ab l e 1 2 . M a l e  ca l v e s · av e rag e d  2 . 5  k g  
( 1 . 0 6 9 ) heav i e r  (P < . O O l )  t h an fem a l e ca l ve s  f o r  B W T  w h i ch i s  
s i m i l a r  t o  t h e  2 . 4  k g  ( 1 . 0 7 6  t i m e s ) d i ffe r e n t i a l  repo r t ed by · 
K o ch et a l . ( 1 9 5 9 ) . Th i s  ·s ex 'd if feren c e  a l s o  a g ree s  w i t h  
B urr i s  
C h apman 
( P < . O O l )  
a n d  B l un n  ( 1 9 5 2 ) , 
e t  a l . ( 1 9 7 8 ) . 
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E v ere t t an d M a g e e ( 1 9 6 5 ) a n d  
M a l e  c a l v e s were 1 1 . 8  k g  h e a v i er 
t ha n  f e m a l e  c a l v e s  a t  w e a n i n g , i d e n t i c a l  t o  t he 
1 1 . 8  k g  d if f erenc e f o u n d b y  K o g er a n d  K n ox ( 1 9 4 5 ) i n  a n  8 
y e ar s t ud y  o f  Here ford ca t t l e . Th e s e  re s u l t s  a l s o  a gre e 
w i t h  t h o s e o f  M i n y ar d  an d D i nk e l  ( 1 9 65 ) , A n d er s o n  e t  a l . 
( 1 9 7 8 ) ,  G a i n e s  e t  a l . ( 1 9 7 8 a ) , E l l i s e t  a l . ( 1 9 7 9 )  an d K e m p  
· e t  a l . ( 1 9 8 4 ) , b u t  are s om e w h a t  l e s s  t h a n  t h e  1 9  k g  
d i f fere nc e re c or d e d  i n  H H  b y  L e i gh t o n e t  a l . ( 1 9 8 2 ) or t h e 
2 0  k g  d i f f ere n c e r e p or t e d  i n  A n gus ca l v e s  b y  A n d er s o n  an d 
W i l l ham ( 1 9 7 8 ) . N e l m s  an d B o g ar t  ( 1 9 5 6 )  f o u n d  n o  direc t 
e f f e c t  o f  s ex o n  ra t e  o f  s uck l i n g  g a i n , i n d i c a t i n g  s ex 
d i f f ere nc e s  a t  w e an i n g  were t h e  re s u l t  o f  BWT d i f f ere nc e s . 
R e s u l t s  o f  t h i s . s t u dy i n d ic a t e l mp or t an t  s ex d i f f er e nc e s  i n  
WWT ( 9 . 3 7 k g )  s t i Ll exi s t  a f t er s ub trac t i o n o f  B W T . T h e  B O D  
x S E X  i n t era c t i o n s u gg e s t e d a t re n d  ( P < . 0 9 )  f or s m a l l er WWT 
S E X  d i f f ere n c e s  i n  HH ca l v e s  a s  compare d t o  t h e cro s s b re d 
grou p s . M e an s f or BWT an d WWT i n d i ca t e d  m a l e  c a l v e s  g a i n e d · 
1 . 0 5 4  tim e s  f a s t er prew e an i n g  t h an d i d  f e m a l e  c a l v e s , wh i ch 
comp ar e d  f a v orab l y  w i t h  t h e r a t i o  o f  1 . 0 73 re p or t e d  b y  K o c h  
e t  a l . ( 1 9 5 9 ) . 
M a l e  ca l v e s  w er e  carr i e d  1 . 3 days l o n g er (P < . O O l ) o n  
t h e a v erage i n  u t ero t h an fema l e  ca l v e s . L o n g er G E S T  l e n g t h  
f or m a l e  ca l v e s  h a s  b e e n  ob s erv e d  fre qu e n t l y  i n  o t h er 
studi e s  an d m a y  p ar t i a l l y  acc o u n t f or t h e h i g h er BWT o f  m a l e  
) 
5 0  
T A B L E  1 2 . L E AS T - S Q U A R E S  ME ANS AND S T AND A R D  E R R O R S  
F O R  P RE WE AN I NG T�A I T S B Y  S E X  O F  C A L F  
( P RE ! A N A L Y S I S ) 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
a 
T r a i t 
BWT , k g  * * *  
WWT , k g  * * *  
G E S T , d * * *  
D O B , d * *  
C O NC E P , % 
b 
D D YS T  * *  
P D Y S T ,  % * * *  
F LWT , k g  
WTC HNG , k g  * 
F C O N D , k g/ em 
S C OND , k g / em 
C D C HNG , k g / em 
* P < . O S 
* *  P < . O l  
* * *  P <. O O l 
a 
n 
1 1 8 6  
1 1 5 2  
9 2 7  
1 1 8 6  
9 2 7  
1 1 84 
1 1 84 
1 1 8 6 
1 1 8 6  
1 0 3 3  
1 0 3 3  
1 0 3 3  
_S e x  o f  C a l f  
M a l e  ( n o . ) 
3 8 . 2 3 ± . 2 0 ( 65 7 ) 
2 1 9 . 9 2 ± . 9 8 ( 6 3 0 ) 
2 8 6 . 0 3 ± . 2 5 ( 5 1 8 )  
9 2 . 4 2 ± . 7 0 ( 6 5 7 ) 
8 2 . 7 2 ± 2 . 3  ( 5 1 8 )  
1 . 2 6± . 0 2 ( 6 5 5 ) 
1 5 . 3 4 ± 1 . 3  ( 6 5 5 ) 
4 8 0 . 2 5 ± 2 . 5  ( 65 7 ) 
5 8 . 7 9± 1 . 2  ( 6 5 7 ) 
3 . 8 1 ± . 0 2  ( 5 7 6 ) 
3 . 3 7 ± . 0 2 ( 5 7 6 ) 
. 4 3 ± . 0 1 ( 5 7 6 )  
F em a l e  (. n o . ) 
3 5 . 7 7 ± . 2 2 ( 5 2 9 )  
2 0 8 . 0 9 ± 1 . 0  ( 5 2 2 ) 
2 84 . 7 8± . 2 8 ( 4 0 9 )  
9 0 . 2 5 ± . 7 6 ( 5 2 9 )  
8 2 . 3 6 ± 2 . 5  ( 4 0 9 ) 
1 . 1 7 ± . 0 3 ( 5 2 9 ) 
9 . 5 2 ± 1 . 4  ( 5 2 9 ) 
4 7 8 . 5 5 ± 2 . 7  ( 5 2 9 )  
5 5 . 4 2 ± 1 . 3  ( 5 2 9 ) · 
3 . 7 9± . 0 2 ( 4 5 7 ) 
3 . 3 7 ± . 0 2 ( 4 5 7 ) 
. 4 2 ± . 0 1 ( 4 5 7 ) 
V a r i ab l e  c o d e  d ef i n i t i ons a r e  p r es e n t e d i n  t ab l e  1 .  
b 
D ys t o c i a  d e g r e e  sco r e : 1 = n o n e , 2 = s l i gh t , 3 = 
m o d e r a t e ,  4 = se v e r e a n d  5 = c -s e c tion. 
) 
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ca l v e s  ( J a f ar e t  a l . ,  1 9 5 0 ; B ur r i s  a n d  B l un n , 1 9 5 2 ; an d K e m p  
e t  a l . ,  1 9 84 ) . M a l e  ca l v e s  w e r e  co n s i s t en t l y b o r n  2 . 2 d 
l a t er t ha n  f e m a l e  ca l v e s  ( P < . O l ) . T h i s  may b e  p ar t i a lly 
a c c o un t e d  f o r  b y  t h e  1 . 3  d l on ge r  . g e s t a t i on l en g t h  o f  m a l e  
c a l v e s . D am s  g i v i n g  b i r t h  t o  ma l e  calv e s  exp er i e n ce d  5 . 6% 
m o r e  dy s t o c i a  ( P < . O O l ) t h an dam s  c a l v i n g  h e i f e r s , b u t  D D Y S T  
( P < . O l )  w a s  m i n or for b o t h  gro up s . L o n g  a n d  Gre g o r y  ( l 9 7 1 ) 
f o u n d  ma l e  c a l v e s  exh i b i t e d a h i g h er i n c i d e n c e  o f  d y s t o c i a  
a n d  low e r s urv i v a l  ra t e s t han fema l e  c a l v e s . N o  d i f f ere n c e s  
w e r e  f o u n d  b e t w e e n  s t r a i gh t bre d an d cro s s bre d c a l v e s  i n  t h e 
s am e  s t u dy . B el l o w s  e t  a l . ( 1 9 7 1 ) ,  B ur f e n i n g  e t  a l . ( 1 9 7 8 a ) 
a n d  R u t t e r e t  a l . ( 1 9 8 3 ) fou n d  h i gher b ir t h  w e i gh t  o f  m a l e  
ca l v e s  a c c o u n t e d  for t h e  m a j or i t y  o f  t h i s  re l a t i o n s h i p . I n  
t h i s  s t u dy t h e c o rre l a t i o n b e t w e en B W T  an d D D YS T  w a s  l ow 
( - . 0 4 ) i n d i c a t i n g  fa c t or ( s )  o t her t ha n  BWT were r e s p o n s i b l e  
for dy s t o c i a .  Gre g o r y  e t  a l . ( 1 9 7 8b ) a l s o  f o u n d f i t t i n g  B WT 
as a c o v ar i at e  d i d  n o t  accoun t for a l l S E X  d i f f ere n c e i n  
dy s t o c i a .  B ur f e n i n g  e t  a l . ( 1 9 7 8b ) f o u n d  p o s i t i v e  g e n e t i c  
cor r e l a t i o n s  b e t w e e n  b i rth we i g h t  and c alv i n g  e a s e ( p ercen t 
as s i s t e d b i r t h s ') . A l t h o u gh s i gn i f i c an t , S E X  e f f e c t s i n  t he 
c urre n t  s t u d y  fo r WTC HNG were s m a l l w i t h  o n l y  3 . 4  k g  o f  ga i n  
s e p a r a t i n g  d am s  o f  s t e ers an d he i f ers . T h e  re a s o n  why d ams 
of  s t e ers g a i n e d  s l i gh tly more dur i n g  la c t a t i o n  t h an d a m s  of  
h e i fers i s  u n k n ow n . Sex o f  c a l f was n o t  i mp or t an t f or cow 
F LWT or a n y  we i gh t - h e i ght ra t i o . T h er e  w a s  a s l i gh t  
t e n de n cy for d a m s  o f  s t ee r �a l v e �  t o  h av e. l ow er C D C HN G  ( . 0 2 ) 
5 3  
r ela t i v e  s e v er i t y  o f  dy s t o c i a i n  any y e ar w a s  l o w . A n n u al 
c o w  F LW T  i n c r e a s e d  s l owly d u r i n g  t h e  s t u dy fro m  1 9 7 4  t o  
1 9 8 1  an d d e cre a s e d  s l i g h t l y  t h e r e a f t e r . Ye a r  m e a n s  v a r i e d 
w i de l y  ( r an g e  = 3 1 . 8 6 t o  9 1 . 64 k g )  fo r W T C H NG ( P < . O Ol )  b u t  
we r e  alw a y s  p o s i t i v e  d e s p i t e  d r y  ye a r s . W e i g h t �h eight 
ra t i o s ( FC O N D , S C OND an d C D C HNG ) als o  flu c t ua t e d  ( P < . O O l ) 
b u t  w i t h o u t  a p p a r e n t  c or r e l a t i o n t o  a n n u al pre c i p i t a t i o n 
( m ax i mum r = . 1 4 ) . 
���� �n�1 Y��� 
L e as t - s q u a r e s  means an d s t an d a r d  err o r s  f or P H E R F  
p r ew e a n i n g t r a i t s  are g i v e n  i n  t able 1 3 . T h e r e  w a s  e v i d e n c e  
o f  P HE R F  d i f f ere n c e s f or BWT ( P < . O Ol ) , WWT ( P < . O O l ) , G E S T  
( P < . O O l ) , D O B  ( P < . 0 5 ) , D D YS T  ( P < . O O l ) , P D YS T  ( P < . O l ) , F LWT 
( P < . O O l ) , WTC HNG ( P < . O Ol ) , F C O N D  ( P < . O Ol ) , S C O N D  ( P < . O O l ) . 
a n d  C D C HNG ( P < . O O l ) . T h e r e  was n o  e v i de n c e  o f  PHE R F  
d i f f ere n c e s· for PAR T , WE AN o r  CONC E P  i n d i c a t i n g  bre e d  
c o m p o s i t i o n w a s  n o t  a cr i tic a l  fac t or i n  t h e r e pro d u c tiv e 
e f f i c i en c y  o f  t h e  s t u dy h erd . 
N o  BWT d i f f ere n c e s  were ob s e r v e d  b e t w e e n  H H ( l O O ) ,  
AH ( 7 5 ) , AH ( 5 0 ) . a n d  AH ( 2 5 )  d ams . Simm e n t a l - H er e f ord b i rt h 
we i gh t s  were h i g h er ( P < . Ol )  t h an o t h er P HE R F  gro up s , b u t  
were s i mi l ar w i t hin ro t a tio n . Kre s s  e t  a l . ( 1 9 8 4 a ) a l s o 
f o un d l i t t l e  b re e d  c o mp o s i t i on d i f f e r en c e  f or B W T  am o n g  S H  
dams . T h i s  w o u l d  s e em t o  in d i c a t e  ge n e tic a n d m a t ern al 
e ff e c t s c o n t rib u t i n g t o  h e a v i er BWT of S H  c a l v e s  t e n d  t o  
) 
5 4  
b a l an c e  o u t . D i f f e r e n c e s  wit h i n  s p e c i f i c  r o t a t i o n s  f o r  WWT 
w e r e  g e n e r a l l y  n o n s i gn i f i c an t , w i t h  t h e  exc e p t i o n  o f  c a l v e s  
o f  S H ( 7 5 )  d am s  a v e r a g i n g  5 . 1 9 k g  l i g h t e r  t h an c a l v e s  o f  
S H ( 5 0 )  d a� s . S i n c e  c a l ve s  o f  S H ( 7 5 )  dams w e r e  s i r e d  b y  
Simm e n t a l  b u l l s  t h e y  w o u l d  b e  exp e c t e d t o  hav e h i g h e r  · l e v e l s  
o f  S imm e n t a l  a d d i t i v e  i n f l u e n c e  an d g r e a t e r  h e t e r o s i s  f r om 
t h e  c r o s s . T h ei r  l ow e r  WWT a v e r a ge c o u l d  in d i c a t e  l ow e r  
m a t e r n a l  v a l u e  o f  t h e i r  dam s . I mp o r t an t  WW T d i f fe r e n c e s  
w e r e  r e l a t e d m o r e t o  B O D  t h an P HE R F . K r e s s e t  a l . ( 1 9 8 4 a )  
f o un d c a l v e s  o f  S H ( 7 5 )  dam s  s l i gh t l y  l ow e r  i n  WW T t h an o t he r  
S H  g r o up s . 
P e r c e n t H e r e fo r d  w i t h i n  g r o u p  w a s  t h e  o n l y  
s i gn i fic an t s o u r c e  o f  v a r i a t i o n f o r  G E S T . N o  i m p o r t an t  
d i f fe r en c e s  e x i s t e d  w i t h i n  t h e _ AH r o t a t i o n . S H ( 3 8 )  dam s  had 
s l igh t l y  l o n g e r  ( P < . 0 5 )  G E S T  t h an o t he r  SH g r o u p s  which in 
t u r n  h a d  l o n g e r  ( P < . 0 5 )  G E S T  t h an o t h e r  P HE R F  g r o u p s . T h i s 
may s u g g e s t high e r  l e v e l s  o f  S i mm e n t a l  b r e e d i n g  i n  t h e dam 
s l i gh t l y  p r o l o n g e d  g e s t a t i � n , a l t h o u gh d i f f e r e n c e s  w e r e  
e c o n omic a l l y u nim p o r t an t . T h e  PH E R F  x S E X  i n t e r a c tio n 
s h o we d  a t e n d e n c y  ( P < . 0 9 )  f o r h e i f e r  c a l v e s  o f  l ow e r p e r c en t 
H e r e f o r d  d am s  ( AH ( 2 5 ) a n d  S H ( 3 8 ) ) t o  h a v e l o n g e r  g e s t a ti o n  
l en g t h s t h an m a l e c a l v e s , a r e v e r s a l  o f  t h e  ex p e c t e d 
re l a t io n s h i p . B r e e d  c om p o sition d i f f e r e n c e s f o r D O B  w e r e  
appa r e n t  o n l y  w i t h i n  t h e A H  r o t a t i o n wh e r e  c a l v e s  o f  A H ( 2 5 )  
dams w e r e  b o r n 8 . 5 d e a r lie r ( P < . 0 5 )  t han o t h e r  P HE R F  
group s ,  
. . 
i n d i c a t i n g  a p o s s i b l e  m a t e rn a l . i n f l u en c e  o f  t h e  
) 
5 5  
AH ( 2 5 ) . dams . N o  fac t o r  i n  . t h e  P H E R F  m o d els s i g n i f i c an t ly 
i n f l ue n c e d  C O NC E P  w i t h i n  r o t a t i on . L a r g e  d i f f e r e n c e s  
( P < . O l )  ex i s t e d  f o r  P D YS T  w i t h i n  r o t a t i o n s . AH ( 7 5 ) , S H ( 7 5 )  
an d S H ( 3 8 )  d am s  a v er a g e d  1 2 . 5 % h i gh e r  ( P < . 0 5 )  d y s t o c i a  t h an 
o t h e r  g r o up s . D e s p i t e  t h i s  d i f f e r e n c e , l i t t l e  p r a c t i c al 
i mp o r t an c e i s  a s s o c i a t e d  w i t h  t h e r e s u l t s  s i n c e  n o  P HE R F  
g r oup h a d  a D D YS T  s c o r e l a r ge r t han 1 . 5 2 .  T h u s  a l t h o u gh 
s ome P HE R F  g r ou p s  h a d  a g r e a t e r  i n c i d e n c e  o f  d y s t o c i a  i t  w a s  
o f  a m i n o r  d e g r e e . B u r fe n i n g  e t  al . ( 1 9 7 8 a ) ob s e r v e d  
s i m i l a r r e s u l t s  i n  a c om p a r i s on o f  5 0 % an d 7 5 %  S im m e n t a l  
c alv e s . K r e s s  e t  al . ( 1 9 84 a )  als o f o u n d  l i t t l e  D D YS T  
d i f fe r e n c e  am o n g  e i t h e r  . B O D g r o u p s  o r  S H  P HE R F  g r o u p s . 
W i t h i n  t he S H  r o t a t i o n n o  F LWT d i f fe r e n c e s  ex i s t e d ,  
s u g g e s t i n g  
le v e l s  o f  
a n y· a d d i t i v e  i n c r e a s e  i n  t h e c ow d u e  t o  h i gh e i  
S i mme n t al b r e e d i n g  m a y  b e  o f f s e t  b y  o t he r  n o n -
a d d i t i v e  f a c t o r s . Th i s  c o n t r a s t s  w i t h  f i n d i n g s o f  K r e s s  e t  
al . ( 1 9 84 b ) t h a t  h i gh e r  le v e l s  o f  S i mme n t al b r e e d i n g  y i e l d e d  
h i gh e r  c o w  w e i gh t . W i t h i n  t h e  A H  r o t a t i on A H ( 7 5 )  d am s  w e r e
. 
h e av i e s t  ( P < . 0 5 )  a n d  A H ( 2 5 )  dams ligh t e s t ( P < . 0 5 )  i n d i c a t i n g 
t h at as p e r c e n t a g e  o f  H e r e f o r d  b r e e d i n g · i n c r e a s e d  s o  d i d  
F LWT . A n gus-He r e fo r d ( 2 5 ) , AH ( 7 5 )  an d S H ( 7 5 )  d am s  h a d  t h e 
h i gh e s t ( P < . 0 5 )  WTC H NG w i t h  H H ( lO O ) dams i n t e r m e d i a t e  
( P < . 0 5 )  f o l l o w e d  b y  AH ( 5 0 ) , S H ( 5 0 ) an d S H ( 3 8 )  d a m s  ( P <. 0 5 ) . 
Exc e p t f o r  t h e  A H ( 2 5 )  gro up i t  a p p e a r e d  t h a t  h i gh e r  l e v e l s  
o f  H e r e f o r d  b r e e d i n g  wi t h i n  c r o s s b r e d  g r o u p s  r e s u l t e d in 
) 
TABLE 1 3 . LEAST-SQUARES "EANS AND STANDARD ERRORS 
OF PHERF TRA I TS fPRE2 ANALYS I S )  
=== ======================== ================= = = = = = = = = = = = = = = = = = = = ================ =================:======:======== = = = ================================ 
T . 
g 
ra t  
PART , l 
WEAN, % 
BNT , kg  ttt 
WWT , kg  ttt 
n HH f 1 00 )  ( n o . ) 
1 379 Bb. 02�1 . 7 q96 l 
1 379 80. 1 4!2. 2 ( 396 ) 
a 
1 1 86 35 . 33� . 28 ( 3 1 6 )  
a 




AH ( JS )  ( no . ) AH fSO)  fno . l  AH <2Sl  (no. ) 
86. 1 8!5 . 3  ( 46 )  89 . 78�2 . 4 ( 325) 90. 42!5 . 1 ( 50 )  
8 1 . 94�6 . 6  ( 46 )  86 . 46�2. 9 ( 325 )  B7 . 54t6 . 3  (50> 
a a a 
36 I 2 1!  I B 1 ( 4 1 )  
b 
351 35! 1 35 (292) 
b 
35 . 1 2i .  77 ( 43 )  
b 
2 1 2 � 36!_3 1  9 ( 40 )  2 1 3 .  I 7 !_I . 7 f 282) 2 1 4 1  28!3 . 8 ( 40 )  
a a a 
BEST '  d H I  927 284 . 69! . 33 ( 258 ) 284 . 1 2� 1 . 1  ( 27)  284 . 98! . 43 ( 2 1 4 )  283 . 56! 1 . 0 (24 )  




PDYST , 1 u 
1 1 86 
927 
1 1 84 
1 1 84 
a 
9 1 .  82!.1 97 ( 3 1 6 )  
88i 20t3 . 2  ( 258 ) 
a 
1 . 1 7! . 03 ( 3 1 6 )  
·a 
9. 46�1 . 8  ( 3 1 6 ) 
a 
FlWT,  kg nt 1 1 86 471 . 49!3 . 4  ( 3 1 6 )  
NTCHNS,  kg  nt 
FCOND, kg/c1  ttl 
SCOND , kg/ct tu 
1 1 86 
1 033 
1 033 
CDCHNS,  k g /c� ttt 1 033 
a 
58. 0 1 !1 .  7 ( 3 1 6 ) 
a 
31 77! . 02 (270 ) 
a 
3 .  34t. 02 1 270 ) 
ab 
. 43! . 0 1  ! 270 ) 
ab a b 
88. 45!_2 . 8 ( 4 1 ) 9 1 . 70!_1 . 2  (292) 83. 53!2 . 7  (431  
72. 28!1 0 . 2 !271  83 1 59!4 . 1 ( 2 1 4 )  86 . 99!_91 9 ( 24 1  
b a a 
1 . 49! . 1 0 { 4 1 ) L l l! .  o4 C 292l 1 .  1 5! . 1 0  ( 43 )  
b e  a ac 
20 . 1 9�5 1 3 ( 4 1 ) 8 . 00!2. 3 ( 292) 1 1 . 69!5 . 0  ( 43 )  
b c d 
491 . 3 1! 1 0 . 0 ( 4 1 ) 439 . 52!4 1 4 ( 292 ) 420. 65!9 I s ( 43 )  
b c b 
69. 88!4 . 9  1 4 1 1 48 . 39�2 . 2 ( 2921 6 1 . 1 7!_4 . 7 ( 43 )  
a b b 
3. 86! . 06 ( 4 1 ) 3 . 64! 1 03 ( 240 )  3 . 54! � 06 1 43 )  
a b  b I! 
3 . 34!. 06 ( 4 J ) 3 1 25!_. 03 (240 ) 3 1 07! � 06 ( 43 )  
b ad b 
. 52! . 04 1 4 1 )  1 40! . 02 ! 240)  . 48! . 04 ( 43 )  
SH ( 75 )  <no. ) SH ( 50 )  (no. l. SH f 38 )  (no . ) 
93. 80!2 . 6  ( 158 ) 89. 60�2 . 1 ( 379)  87 . 70!6 . 7 ( 25 )  
84. 48!3 . 2  ( 1 58) 82. 72!2 . 6  ( 379)  BJ . l l !_B . 2 (25 J  
b c be 
4 1 � 50! 1 38 ( 1 46 )  39 . 2 1� � 3 1  {327)  . 39 . 97! 1 1 0  { 2 1 ) 
c d cd 
227 � 72!_1 . 8  ( 1 36)  232 . 9 1 !_1 . 5  ( 3 1 9 )  234. 25!_5 . 0  ( 20 )  
b b c 
287. 04� . 47 ( 1 04 ) 286 . 27! . 36 ( 285 ) 289 . 64!1 . 3  ( 1 5 )  
a a a 
9 1 . 46!1 . 3  ( 1 46 )  93.  1 6!_1 . 1  ( 327 ) 95 1 60t3. 6 ( 2 1 ) 
78. 05!_4 1 4  ( 1 04 ) 82. 46!3 . 4  ( 285 ) 66. 70!1 2 . 6 ( J � )  
b a b 
J I 34! I OS ( 1 4 4 )  1 . 1 6! . 04 (327 ) 1 .  52! . 1 3  ( 2 1 J  
b a b 
20. 37!2 1 5  ( 1 44 )  9 . 2 1 �2 . 0  ( 327 ) 25.  76t6 .  7 ( 2 1 ) 
I! e I! 
520 . 28!4 . 7 ( 1 46 )  5 1 3 . 53!3 . 9  ( 327)  527. 72! 1 2 . 7 ( 2 1 ) 
b c c 
68. 52!_2. 3 ( 1 46 )  48 . 72!.1 1 9  ( 327 ) 5 1 . 38!6 . 2 ( 2 1 J 
c c ac 
3 1 98! � 03 ( 1 38 )  3 . 9 1!. 03 ( 280 ) 3 1 87! 1 08 ( 2 1 ) 
c d acd 
3 . 49!. 03 ( J 38 )  3 . 57!. 02 ( 280 ) 3 . 46!. 08 (2 1 ) 
b d abd 
. 49! � 02 ( 138 ) 1 34! . 02 (280 ) . 4 1! � 05 ( 2 1 )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - -
t P< . 05 
a , b , c , d , !  
f 
u P< . 0 1  ttt P< . OO l  
"eans i n  sale roM w i t h  at l east one sup�rscr i pt i n  coa1on do  not d i f f er < P > . OS ) . 
Dystoc i a  t ype scor� :  1 = none,  2 = s l i ght , 3 = toder a t e ,  4 = severe and 5 = e-sect i on .  
g . 
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h i gh e r  WTC HNG , wh i c h i n  c o n t r a s t t o  t h e PRE l a n a l ys i s  m a y  
i n d i c a t e  a n e ga t i v e  r e l a t i on s h i p  b e t w e en l a c t a t i o n an d 
w e i gh t  c h a n ge , e s p e c i a l l y  i n  t h e S H  r o t a t i o n . D i f f e r e n c e s  
f o r F C O N D  w e r e  n o t  � v i d e n t w i t h i n  t h e S H  r o t a t i o n . 
C o n v e r s e l y , K r e s s e t  �1 . ( l 9 84b ) f o u n d h i gh e r l e v e l s o f  
S i mme n t a l  b r e e d i n g  w e r e  a s s o c i a t e d w i t h  h i gh e r  F C O N D . F o r  
S C O ND , s ma l l d i f f e r e n c e s  ( P < . 0 5 )  w e r e  ob s e r v e d  amo n g  S H  
g r o up s  b u t w i t h o u t  ap p a r e n t  t r e n d . W i t h i n  t h e  A H  r o t a t i o n 
h i gh e r  l e v e l s  o f  A n g u s  b r e e d i n g  l owe r e d  v a l u e s  ( P < . 0 5 )  f o r  
b o t h  F C O ND a n d  S C O N D , s u g g e s t i n g  d i f f e r e n c e s  i n  t h e  P R E ! 
an a l y s e s  b e t w e e n  t h e AH an d S H  g r o u p s  m a y  b e  d u e  t o  n o r ma l 
ad d i t i v e  d i f fe r e n c e s  f o r  we i gh t - h e i gh t  r a t i o . A l l P H E R F  
g r o u p s  h a d  p o s i t i v e  m e a n s  f o r  C D C HNG ( P < . O O l )  i n d i c a t i n g  a l l 
w e r e  ab l e  t o  ob t a i n  a d e qu a � e  e n e r gy un d e r  t he r a n g e  
c o n d i t i o n s  o f  t h i s  s t u dy . · w h i l e g r o u p s  we r e  v a r i ab l e i n  
am oun t o f  C D C HNG , w i t h i n  i n d i v i d u a l  r o t a t i o n s  t he AH ( S O ) an d 
S H ( 5 0 )  g r o u p s  h a d  l ow e r  C D C HNG ( P < . 0 5 )  p o s s i b l y  r e l a t e d t o  
t h e i r h i gh e r  l e v e l s  o f  h e t e r o z y g o s i t y .  K r e s s  e t  a l . ( 1 9 84b ) 
a l s o  · ob s e r v e d  l ow e r  w e i g h t - h e i gh t  r a t i o  c h a n g e  f o r  S H ( S O ) 
c ow s  c om p a r e d  t o  S H ( 7 5 ) an d S H ( 2 5 )  co ws . 
S e x  o f  c a l f  d i f f e r e n c e s  i n  t h e PRE 2 an a l y s e s  w e r e  
ev i d e n t f o r  B W T ( P < . O O l ) , WW T ( P < . O O l ) , D O B ( P < . O S ) , P D Y S T  
( P < . O O l ) , D D Y S T  ( P < . O O l ) , an d WTC HNG ( P < . 0 5 ) . R e s u l t s  w e r e  
s i m i l a r t o  t h o s e  f o u n d i n  t h e  B O D  an a l y s e s . Y e a r  v a r i a t i o n 
w a s  im p o r t a n t  fo r a l l t r a i t s  ( P < . O O l ) e x c e p t  G E S T  a n d  
C O NC E P . 
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D u e  t o  l a ck o f  a d e q u a t e  n umb e r s  i n  n e c e s s a r y  b r e e d  
p e r c e n t a ge s  a P H E R F  an a l ys i s  w a s  n o t  p e r f o r m e d  o n  t he 
p o s t w e an i n g  d a t a .  R e s u l t s  p r e s e n t e d a r e  f o r  B O D  · o n l y .  
Tab l e  1 4  p r e s e n t s  B O D  l e as t - s q u a r e  m e an s a n d  s t an d a r d  e r r o r s  
fo r p o s t w e an i n g  m o d e l s  ( n o c o v a r i a t e s ) .  E v i d e n c e  w a s  f o u n d  
fo r B O D  d i f f e r e n c e s i n  F T H  ( P < . O O l ) , Q G  ( P < . O O l ) , R E A  
( P < . O O l ) , C U T  ( P < . O l ) , YG ( P < . O O l ) , C C ARWT ( P < . O O l ) , C AR W T D  
( P < . O O l )  an d D O F  ( P < . O O l ) . T ab l e s 1 5  a n d  1 6  p r e s e n t  B O D  
l e a s t - s qu a r e s  m e an s  an d s t an da r d  e r r o r s  f o r  m o d e l s  w i t h  D O F  
an d C C ARWT r e s p e c t i v e l y  a s  c o v a r i a t e s . U n ad j u s t e d m e a n s  a n d  
s t an d a r d  e r r o r s f o r  D O F  an d C C ARWT w e r e  3 6 3 . 6 ± 2 5 . 8  d a n d  
7 7 5 . 9  ± 9 0 . 0  k g  r e s p e c t i v e l y .  
A n gu s - H e r e f o r d  s t e e r s  av e r a g e d  6 . 5 d a y s  f ew e r  n o r · 
( P < . 0 5 )  t han HH o r  S H  s t e e r s . A c c omp a n y i n g  r e d u c t i o n s  i n  
ya r d age an d f e e d  c o s t s  c o u l d  t r an s l a t e  t h i s  d i f f e r e n c e  i n t o  
a s m a l l e c o n om i c  a d v a n t a ge f o r  t he A H  g r o u p . A s i g n i f i c an t . 
B O D  x YR i n t e r ac t i o n f o r  D O F  an d C C ARWT i n d i c a t e d g r o up s  
we r e  v a r i ab l e i n  a n n u a l r a n k i n g  f o r  t h e s e  t r a i t � . A d ams e t  
a l . ( 1 9 7 3 ) f o u n d  ex o t i c  b r e e d s  g e n e r a l l y  r e q u i r e d  g r e a t e r 
D O F  t o  f i n i s h  t h an B r i t i s h  b r e e d s . No e v i d e n c e  w a s  f o u n d  
f o r  B O D  d i f f e r e n c e s  i n  S L A G E  an d a d j u s t m e n t f o r  t h i s  e f fe c t  
was c o n s i de r e d  un n e c e s s a r y . A v e r a g e  S L AGE w a s  5 6 8 . 6 d. 
An de r s o n e t  a l . ( 1 9 7 8 ) f o un d S i mm e n t a l  s i r e d  c a l v e s  w e r e . 3 6  
d a y s  o l d e r  a t  s l a ugh t e r  t han An gus . s i r e d  c a l v e s . 
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C o n s i de r i n g  t h e r e s u l t s  f o r  ·D O F , a d j us t m e n t  o f  d e p e n d e n t 
v a r i ab l e s  f o r  t h i s  e f f e c t wo u l d  n o t  b e  e x p e c t e d  t o  p r o du c e  
a p p r e c i ab l e  c h a n g e  i n  B O D  d i f f e r e n c e s . D i s cu s s i o n  o f  D O F  i s  
t h e r e f o r e  g e n e r a l l y  l i m i t e d t o  i t s  l i n e a r  an d ( o r )  qu a d r a t i c  
e f fe c t . 
A v e r a g e C C ARWT o f  HH ( 3 3 6 . 0 7 k g )  an d A H  ( 3 3 4 . 0 5 k g )  
s t e e r s  w a s  s i gn i f i c a n t l y  d i f f e r e n t , b u t  n o t  p r ac t i c a l l y  
i mp o r t an t . A d j u s t m e n t f o r  t h e  sm a l l D O F  d i f f e r e n c e  b e t w e e n  
t h e s e  t w o  g r o u p s  e l i m i n a t e d  t h i s  d i f f e r e n c e . T h e  1 5 . 7 2  k g  
advan t a g e  i n  WWT ( P < . 0 5 )  o f  A H  s t e e r s  ov e r  H H  s t e e r s  a p p e a r s  
t o  hav e d i s ap p e a r e d  b y  s l a u g h t e r . Wh i l e A H  c a l v e s  h a d  
f a s t e r  p r ew e an i n g  ga i n  t h an HH c a l v e s , t h e i r  r a n k  i s  
r e v e r s e d  p o s t w e a n i n g . C un d i f f e t  a l . ( 1 9 8 l b ) ob s e r v e d  
s t e e r s  o f  HH d am s  we r e  l i gh t e r  a t  w e a n i n g  t h a n  s t e e r s  o f  
An gus dams b u t  s h owed m o r e  rap i d  av e r a g e  d a i l y g a i n  
Th e s e  r e s u l t s may s u g g e s t  p o s t w e a n i n g �  
p r ew e a n i n g  ma t e r n a l e n v i r o nm e n t fo r t h e s e 
A l en d a e t  a l . ( 1 9 8 0 b ) f o u n d  A n gu s  l ow e r  t h a n  
d i f f e r e n t i a l  
t w o  g r o u p s . 
H e r e fo r d  i n  
ad d i t i v e i n f l u e n c e  fo r p o s t we a n i n g  ga i n . S i mm e n t a l -H e r e f o r d  
s t e e r  c a r c a s s e s  we r e  2 6 . 8 0  k g  ( 7 . 7 % )  h e a v i e r ( P < . O l )  a t  
3 6 1 . 8 6 k g  t h an o t h e r  g r o up s . The C C ARWT a d v an t a g e  o f  S H  
s t e e r s  w o u l d  b e  i mp o r t an t  e c o n o m i c a l l y  a n d  o f  i n t e r e s t  t o  
f e e d l o t o p e r a t i o n s . C o n s i de r i n g  t h e WWT a d v an t a g e  f o u n d  f o r  
S H  s t e e r s  o v e r  o t h e r  s t e e r  g r o u p s  ( 1 7 . 3 k g  o v e r  A H  an d 3 3 . 0  
k g  o v e r  HH ) , i t  a p p e a r e d  t ha t  � H  s t e e r s  e x p a n d e d  t h e i r  
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d i f f e r e n t i a l  w i t h  t h e A H  g r o u p  p o s t w e a n i n g b u t  d i d  n o t  
e x h i b i t  s i m i l a r a d v an t a g e  o v e r  H H  s t e e r s . Un f o r t un a t e l y , 
i n d i v i d ua l p r e s l au g h t e r  l i v e  we i gh t s  w e r e  n o t  a v a i l ab l e  t o  
fu r t h e r  i n v e s t i ga t e  t h i s  r e l a t i o n s h i p .  M e an s f o r  C C ARWT 
w i t h  D O F  a s  a c o v a r i a t e  ( t ab l e  1 5 ) c o n f i rm e d  e x p e c t a t i o n s  
t ha t  a d j u s t me n t  f o r  D O F  wo u l d  r e s u l t i n  l i t t l e c h an g e  o f  
g r o up d i f fe r e n c e s . S i n c e  t he g r o up s  w e r e  o f  s i m i l a r S L AG E , 
d i f f e r e n c e s  w e r e  i n t e r p r e t e d  a s  i n d i c a t i n g  h i gh e r  t i s s u e 
g r ow t h  r a t e ( b i r t h  t o  s l a u gh t e r ) i n  t h e S H  g r o u p . A s  m i gh t  
b e  e x p e c t e d , D O F  h a d  a s i gn i f i c an t p o s i t i v e l i n e a r  e ff e c t  o n  
C C ARWT . S t r a i gh t b r e d  H e r e f o r d  a n d  AH s t e e r s h a d  s i m i l a r 
C ARWTD o f  . 6 0 an d . 6 1 k g / day o f  age r e s p e c t i v e l y . S H  
s t e e r s  ga i n e d  7 . 2 % f a s t e r  ( P < . O l )  a t  . 6 5 k g/ d a y  o f  a g e . A 
s i gn i f i c an t  B OD x YR e f f e c t  f o r  b o t h  t r a i t s  r e s u l t e d  f r om 
i n c o n s i s t e n t  s up e r i o r i t y  o f  t he S H  g r oup a c r o s s y e a r s  f o r  
C ARWTD . A s  c omp a r e d  t o  o t h e r  y e a r s , b r e e d  g r o u p  d i f f e r e n c e s  
we re v e r y s m a l l  o r  n o n e x i s t e n t  i n  1 9 7 5  a n d  1 9 7 9 . H i g h e r  
c a r c a s s we i g h t s a n d  p o s t w e a n i n g  g a i n s  o f  e x o t i c  c r o s s c a t t l e 
hav e b e e n  ob s e r v e d  b y  M c A l l i s t e r  e t  a l . ( 1 9 7 6 ) , K o c h  e t  a l . 
( 1 9 7 6 ) , S m i t h · e t  a l . ( 1 9 7 6b ) a n d  K o c h  e t  a l . ( 1 9 7 9 ) . 
C o n v e r s e l y ,  R e y n o l d s and U r i c k ( 1 9 8 4 ) f o u n d  l i t t l e 
d i f f e r e n c e  am o n g  s t e e r s  o f  v a r i o u s  b i o l o g i c a l  t yp e  f o r  
c a r c as s we i g h t . 
B r e e d  gr oup d i d  n o t  i n f l u e n c e  MAR ( w i t h  o r  w i t h o u t  
a d j u s t m e n t  fo r c o n t i n u o u s  e f f e c t s ) . Th e s e  r e s u l t s  a g r e e  
w i t h  t h o s e  o f  M c A l l i s t e r e t  a l . � 1 9 7 6 ) an d R a h n e f e l d  e t  a l . 
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( 1 98 4 ) . C o n v e r s l y , K o c h  e t  a l . ( 1 9 7 6 , 1 9 7 9 , 1 9 8 2 , 1 9 8 3 ) 
found s i gn i f i c a n t B OD d i f f e r e n c e s  f o r  MAR am o n g s e v e r a l  
d i f f e r e n t g r o u p s  o f  c a t t l e ,  e v e n a f t e r  a d j u s t m e n t fo r 
c a r cas s w e i gh t . D ay s  o n  f e e d  h a d  a s m a l l n e g a t i v e l i n e a r 
r e l a t i o n s h i p  ( P < . 0 5 )  w i t h  MAR , wh i l e C C ARWT h a d  a s ma l l 
p o s i t i v e  l i n e a r  
d i f fe r e n c e s  w e r e  
r e l a t i o n s h i p  ( P < . O l ) . 
a l s o  ab s e n t  f o r  K P F A T . 
B r e e d  g r o up 
M c A l l i s t e r  e t  a l . 
( 1 9 7 6 ) f o un d n o  d i f f e r e n c e  f o r  K P F A T  i n  s t e e r s  o u t  o f  A n g u s ­
Ho l s t e i n  c ows s i r e d  b y  e i t he r  P o l l e d He r e f o r d , C h a r o l a i s , 
S i mme n t a l  o r  L i m o u s i n  b u l l s , w h i l e  K o c h e t  a l . ( 1 9 8 3 ) f o u n d  
S i mme n t a l  s i r e d  c a l v e s  f r om AH d ams t o  b e  l ow e r i n  KP F A T  a n d  
o t h e r  f a t  c h a r a c t e r i s t i c s t han AH c a l v e s . I n  t h e  s am e  s t u d y  
He r e f o r d  a n d  An gus c a l v e s  we r e  f o u n d  s i m i l a r f o r  m o s t  
c ar c a s s t r a i t s  e x c e p t  A n gus c a l v e s h a d  h i gh e r  l ev e l s  o f  
i n t ramu s c u l a r  f a t . D a y s  o n  f e e d  a n d  C C ARWT i n  t h e c u r r e n t  
s t u dy w e r e p o s i t i v e l y a s s o c i a t e d  b o t h  l i n e a r l y  ( P < . O l )  an d 
quad r a t i c a l l y  ( P < . O l )  w i t h. K P F A T . Wh i l e n o t  p r a c t i c a l l y  
i mp o r t a n t , a s i gn i f i c an t B O D  x Y R  e ff e c t  f o r  K P F A T  w a s  f o u n d 
i n  t h e c u r r e n t s t udy . T h i s  i n t e r ac t i o n app e a r e d  t o  r e s u l t  
f r om f r e qu e n t r a n k  c h a n g e s  amo n g  B O D  g r o u p s  d u r i n g  t h e  
s t udy . A v e r y  sm a l l  F T H d i ffe r e n c e  ( . 1 0 em ) e x i s t e d 
· b e t w e e n  s t e e r s  o f  AH an d HH d ams ( P < . 0 5 ) . S t e e r s o f  S H  
dams h a d  . 3 3 e m  an d . 2 3 e m  l e s s  F T H  ( P < . 0 5 )  t h a n  s t e e r s o f  
A H  an d H H  dams r e s p e c t i v e l y . A d j u s t m e n t f o r  C C A R W T  t e n d e d. 
t o  i n c r e a s e  d i f f e r e n c e s  ( 1 8 . 7 % )  Q e t w e e n  t h e S H  g r o up a n d  t h e 
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o t h e r  g r o u p s . T h i s  e v i de n c e  s ug g e s t s  a s m a l l c om p o s i t i o n a l  
d i f f e r e n c e  am o n g g r o u p s  f o r F T H  p o s s i b l y r e l a t e d  t o  a l ow e r  
f a t - t o - l e a n  r a t i o  i n  S H  s t e e r s . H i g h e r  D O F  t e n d e d  t o  
i n c r e a s e  .F T H  l i n e ar l y  ( P < . 0 5 )  wh i l e  h i gh e r  C C A R W T  i n c r e a s e d  
F T H  b o t h  l i n e a r l y  ( P < . O O l )  a n d  qua d r a t i c a l l y  ( P < . O l ) . 
M�A l l i s t e r e t  a l . ( 19 7 6) , K o c h e t  a l . ( 197 6 , 1979 , 1 9 8 2 , 
1 9 8 3 ) a n d  R a hn e f e l d  e t  a l . ( 1 984 ) f o u n d  l a r g e r  F T H  
d i f f e r e n c e s  am o n g  B r i t i s h  a n d  C o n t i n e n t a l  b r e e d  g r o u p s . 
G en e r a l l y ,  C o n t i n e n t a l  b re ed g r o u p s  e x h i b i t e d l e s s  f a t  c o v e r  
t han t he S H  g r o u p  o f  t he c u r r e n t  s t udy . Th i s  d i f fe r e n c e  i s  
p r ob ab l y  r e l a t e d t o  t h e h i ghe r D O F  fo r c a t t l e o f  t h e p r e s e n t  
s t u dy . F a t  t h i ck n e s s  a c r o s s y e a r s  h a d  a r an ge o f  o n l y  . 5 6 
em ( P < • 0 0 1 ) . C o n s i d e r i n g t he r e s u l t s  f o r a l l f a t  r e l a t e d 
t r a i t s  i n  t h i s  s t u dy i t  w o u l d _ a p p e a r  t h e s e b i o l o g i c a l  t y p e s  
d i d  n o t  v a r y  i mp o r t an t l y  i n  t he i r  ab i l i t y  t o  d e p o s i t  c a r c a s s 
f a t . T h i s  d i s a g r e e s  w i t h  c on c l u s i on s  o f  K o c h  e t  a l . ( 197 6 , 
1 9 7 9 , 1 9 8 2 , 19B 3) b u t  i s  i n  p a r t i a l  a g r e em e n t  w i t h 
Mc A l l i s t e r e t  a l . ( 197 6) . L e s s  t h a n  o n e  t h i r d  o f  a g r a d e  
s e p a r a t e d  t h e  t h r e e  s t e e r  g r o u p s  fo r QG . A d j u s tm e n t  fo r 
C C ARWT t en d e d  t o  d e c r e as e ( 9 . 5 % )  t h i s  r an g e f u r t h e r  ( P < . O l ) . 
C o n s i d e r i n g  t h e  s ub j e c t i v e  n a t u r e  o f  Q G , l i t t l e p r a c t i c a l  
d i f f e r e n c e  e x i s t e d b e t w e e n  t he B O D  g r o up s . 
No  e v i d e n c e  w a s  f o u n d  f o r  d i f f e r e n c e s  b e t we e n  s t e e r s  
f r om A H  an d H H  d am s  f o r  R E A . A l t e r n a t e l y , s t e e r s f r om S H  
dams h a d  l a r g e r R E A  ( P < . O l )  t h an o t h e r  b r e e d  g r o up s ( + 7 . 2 9 
2 
em ) . W o r k  b y  M c A l l i s t e r e t  a l ·. ( 197 6) , K o c h  e t  a l . ( 197 6 , 
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1 9 7 9 , 1 9 8 2 , 1 9 8 3 ) a n d  Rahn e fe l d  e t  a l . ( 1 9 8 4 ) a r e  i n  
a g r e em e n t  w i t h  t h e s e  r e s u l t s . A d j u s t m e n t fo r C C A R W T  r e du c e d  
RE A d i f f e r e n c e s  b e t w e e n  b r e e d  g r o u p s  b y  1 8 . 7 % .  
T h e  l a r ge s t d i f f e r e n c e  ( P < . O l )  f o u n d  b e t w e e n  a n y  t w o  
g r o ups fo r C UT w a s  . 7 7 %  ( AH v s  S H ) . Th i s  r e l a t i v e l y  s m a l l  
d i f f e r e n c e  a g r e e s  w i t h  f i n d i n g s o f  Mc A l l i s t e r  e t  a l . ( 1 9 7 6 ) 
b u t  d i s a g r e e s  w i t h K o ch e t  a l . ( 1 9 7 6 , 1 9 7 9 ) . W h i l e  t he 
m a gn i t ud e  o f  t h i s  C UT d i f f e r e n c e  w o u l d  l i k e l y  b e  o f  l i t t l e 
c o n c e r n t o  p r o d u c e r s , i t  c o u l d  b e  i m p o r t a n t  e c o n om i c a l l y t o  
t he p ac k e r . A d j u s t m e n t f o r  C C ARWT i n c r e as e d  B O D  d i f f e r en c e s 
b y  4 3 . 6% fo r C U T ( P < . O l ) . K o c h  e t  a l . ( 1 9 7 6 )  a l s o  f o u n d  
b r e e d  g r oup d i f f e r e n c e s  i n  C U T l a r ge r  w h e n  c o mp a r e d  o n  a 
c o n s t an t  c a r c a s s w e i gh t  b a s i s . I n c r e a s e s  i n  C C ARWT o r  D O F  
t en d e d  t o  l i n e a r l y  r e d u c e  C U T  v a l ue s  ( P < . O O l ) .  A l l b r e e d  
g r o u p s  d i f f e r e d  i n  Y G  ( P < . 0 5 ) . S t e e r s  f r om S H  d am s  h a d  t h e 
mo s t  d e s i r ab l e  YG av e r a g e  ( 3 . 2 5 ) , f o l l ow e d  b y  HH s t e e r s  
( 3 . 5 4 )  a n d  AH s t e e r s  ( 3 . 6 2 ) � A d j u s t m e n t f o r  C C A RWT t e n d e d  
t o  i n c r e a s e  B O D  d i f f e r e n c e s  b y  3 7 . 4 % .  D ay s  o n  f e e d ( P < . O l )  
an d C C ARWT ( P < . O O l )  had a p o s i t i v e a n d  l i n e a r  e f f e c t o n  YG , 
' 
wh i c h a g r e e s  w i t h  t h e i r  i n f l u e n c e  o n  C U T . - T h e s e YG r e s u l t s  
s up p o r t  t h e c o n c l us i o n o f  Koch e t  a l . ( 1 9 7 6 )  t ha t  a p o s i t i v e 
· as s o c i a t i o n e x i s t s  b e t we e n  g r ow t h  r a t e o f  b r e e d  g r o u p s  and 
am oun t of r e t a i l p r o d u c t in a c a r c a s s . G a i n e s  e t  a l . 
( 1 9 7 8b ) f o un d l i t t l e p r a c t i c a l  b r e e d  g r o up d i f f e r e n c e  am on g 
B r i t i s h  b r e e d  c a t t l e a n d  t h e i r  c r o s s e s f o r YG . 
TABLE 1 4 . LEAS T-SQUARES MEANS AND STANDARD ERRORS 
OF BOD GROUPS FOR POSiWEANIN6 TRAITS i POSi l  ANALYS I S )  
= = = = = = = = = = = = = = = = = = = = = = = = = = == = == = == = = == = = = = = = = === == = = = = = = = = = = = = = = = = = == = == ==== 
g 
Tr.aH HH ( no . ) 
g 
Breed of Steer 
AH ! no . ) SH ! no . ) 
-------- ----------- - -------------------------------------- ------------------
d 
MAR 
KPFAT , ., J. 




REA , em Hi 
CUT ,  i. ** 
f 
YS Hf 
CCARIH ' kg IH 
CARWTD , k g i d  iH 
DOF ' d I H  
SLASE , d 
H P< . 0 1  
fH P< . 00 1 
a , b , c 
404 5 . 64! . 06 
404 2 . 55:f: . 05 
a 
488 1 .  55! . 05 
a 
488 1 8 . 74 ! . 09 
a 
488 77 . 28!. 85 
a 
404 49 . 1 8! . 1 7  
a 
404 3 . 5 4! . 07 
a 
494 336 . 07±2 . 9 
49 4 . 6 1 ! . 00b 
a 
5 1 1 368.  60! 1 . 3 
499 569 . 47! . 47 
( 1 26 )  5 . 5B:f: . 07 ( 1 33 )  5 . 54! . 05 { 1 45 ) 
( 1 2b )  2 . 62:t . 07 ( 1 33 )  2 . 59± . 05 ( 1 45 )  
b c 
! 1 32 )  t . bb:t . o • ( 1 50 ) L 32_! . 04  1 2(1.� )  
b c 
( 1 32 ) 1 9 . 02! . 1 1  ( 1 5(1 ) 1 8 . 42! . 08 1 206 / 
a b 
{ 132) 78 . 34! . 99 i 1 50 ) 85 . 1 1 ± .  7 7  ! 206 ) 
b c 
( 1 26)  48 . 97! . 22 1 1 33 i 49 . 74!. 1 6  { 145)  
b c 
( 1 2b)  3 .  62!. 09· ! 1 3 3 )  3 . 25 _! . 07 i 1 45)  
a b 
( 1 34 )  334 . 05!3 . 3  ! 1 53 ) 3 6 1 . Bb:t2 . 6 ( 207 ) 
a a b 
( 1 34 )  . 60! . 005 ( 1 5 3 )  . 65 ! . 004 { 207) -
b a 
( 1 36 )  362 . 53! 1 . 5 ( 1 66 ) 369.  42! 1 . 2 { 209 i 
( 1 37 )  565 . 96±2 . 0  ( 154 ) 570 . 23! 1 . 6  { 20B) 
Mean s i n  same r ow wi th at l east one supersc r i p t  in c ommon d o  not 
d i f f er ( P > . OS l . 
d 
Scal e :  · 1 -d evoi d t o  1 1 -very abundan t .  
e 
Scal e :  St andard 1 6  to Pri me 24. 
f 
Scal e :  USDA 1 t o  USDA 5.  
g 
Var i ab l e  c ode d ef i n i t i on s  are presen t ed i n  t ab l e  1 .  
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TABLE 1 5 .  LEAST -SQUARES MEANS AND STANDARD ERRORS 
OF BOD GROUPS FOR POSTWEAN INS TRA I TS ( POST l i  
:iDJUSTED T O  A C'ONSTANT 364 DAYS O N  FEED 
===== = = = = = = = = = = = = =========================== ============= = = = = = == = == = = = = == = = = = == = = = =  
Tr a i t  
d 
11AR 
KPFAT � 'I lo 




REA , Clll Hf 
CUT , i. fH 
f 
YG fH 
CCARWT , kg  HI 
* P<: . os 
. H P< . 0 1  
fH P{ . i,)(l l  
a , h  , c· 
HH 
5 . 67! . 06 
2 . 44! . 06 
a 
1 .  52! . 05 
a 
1 8 . 8 1 :!: . 1 1  
a 
77 . 84+ . 97 
a 
49 . 42:!: . 1 9  
a 
3 . 45+ . 08 
a 
337 . 45+3 . 2 
gh 
Br eed o f  Steer 
AH SH 
5 . 59! . 08 5 . 57:!: . 06 
2 . 57:!: . 08 2 . 48:!: . 06 
b 
1 .  67! .  05 1 . 29! . 04 
a 
1 9 . 09:!: . 1 2 18 . 55:!: . 1 0  
a 
79. 43:ti . l  95 . 82:!:. 89 
a 
49 . 07! . 24 50 . 06:!: . 1 8  
a 
3 . 59! . 1 0  3 . 1 4! . 08 
a 








Covar i at e  DOF ef f ec t  
l i n ear quadr at i c  
- . 0050! . 0021 - . 00003! . 00004 
• 0069�.  00211 • 000 1 ! .  l)i)(l04H 
. 0043 :!: . 0021 . 0000 i ! . 00002 
- . 0 1 03! . 004f - . 0004 :!: . 000 1 
. 02 1 9:!: . 038 - . 000?! . 0007 
- . 0226! . 0071** - . 0002! . 000 1 
. 0092 ! . 003H . 01)006! . 00005 
• 3534! .  1 23H - . 0030:f: . 0023 
Mea n s  i n  same row wi th at l �ast one super s c r i pt in c ommon do not d i f f er 






Sc al e :  1 -devo i d  t o  1 1 - ver y abun d an t .  
Scal e :  S t an d a r d  1 6  t o  Pr i me 24 .  
Sc a l e :  USDA 1 to  USDA 5.  
Va r i ab l e  c ode d ef i n i t i ons a r e  pr esen t ed in t ab l e 1 .  
For sub c l ass n u mb er s  r ef er t o  t ab l e  1 4 .  
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TABLE 1 6 .  LEAST-SQUA�ES MEANS AND STANDARD ERRORS 
OF BOD FOR POSTWEANINS n�A ITS i POSi 1 > 
ADJUSTED TO CONSTANT CCARWT 
=========== ============================ ================ ========================= 
h i  h 
Br eed of St eer Covar i a t e  CCARWT ef f ec t  
h --------------- ------------------ ---- ----------- ------------
Trai t HH AH SH 1 i near q uadr at i c  
--- ---------------------------------------------- ------ ----------------- --------
e 
MAR 












'i IH /a 
Hi 
* P< . 05 
n P< . O l 
H+ P< . 00 1 
a , b , �;: 
5 . 69! . 06 
2 . 54:t . 06 
a 
1 .  60:t . 04 
a 
1 8 . S l :t . 1 0  
a 
77 . 42:t . 8 1  
-3 
49 . 06:t . 1 B  
a 
3 . 6 1 _!. 08 
5 . 64:t . OB 5. 54! . 05 . 00 1 0! . 000* -d 
2 . 69! . 07 2 . 49:t . 05 . 00 1 5:! , (l00Hf dH 
b c 
1 . 73:t . 05 1 . 32:t. 04 • 0005:!: I 000Hf -d H 
b c 
1 9 . 1 0:t . 1 1  1 8 . 44! . 09 . 00 1 B:t . 00 1 H  -d 
a b 
80. 70:t . 9 1  83. 9 1 :t . 73 . 0098:t . 00 1 H+ d 
a b 
4S. 7 l :t . 22 49. 9 1 :! . 1 6  - . oo43z . 00 1 *** d 
a b 
3 . 74! . 1 0  3 . 20:t . 07 . 00 1 9:t . 000HI -d 
Means in same row wi t h  at l east one supersc r i pt in common do not d i f f er 





- 5  
Val ue l ess t h an 1 x 1 0  • 
Sc a l e :  1 -d evo i d t o  1 1 - ver y abun dan t .  
Scal e :  Standard 1 6  t o  Pr i me 2 4 .  
Scal e :  USDA 1 t o  USDA 5 .  
h 
Var i ab l e c ode d ef i n i t i ons are  presen t ed i n  tabl e 1 .  
F or sub c l ass nu�bers r efer  to  t ab l e  1 4 .  
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T h e  s ma l l  g r o u p  d i f f e r e n c e s  o b s e r v e d  i n  t h i s  s t u dy 
for C U T , YG  an d F TH a p p e a r e d  r e l a t e d t o  a s l i gh t l y  h i gh e r  
p r o p o r t i on o f  l e an i n  S H  c a r c as s e s . A n o t ab l e d i f f e r e n c e  i n  
s l au gh t e r  e n d  p o i n t  e x i s t e d b e t w e e n  t h e  p r e s e n t s t u d y  a n d  
o t he r  s t u d i e s  e x am i n i n g  b r e e d  p e r fo rm a n c e  a t  s l au g h t e r . 
S t e e r s  o f  t h e c u r r en t  s t udy w e r e  s l au gh t e r e d  · a t  
c o mp a r a t i v e l y  g r e a t e r  S LA G E  an d D O F  t h an o t he r  s t u d i e s . 
Mo s t  o t he r  s t u d i e s h a v e  b e e n  l i m i t e d t o  2 9 0 d o r  l e s s  f o r  
S LAGE an d 2 8 5 o r  l e s s  D O F .  R e s u l t s  o f  t h e  c u r r e n t · s t u d y  f o r  
c a r c a s s  q ua l i t y an d y i e l d  c omb i n e d w i t h S L A G E  s u g ge s t e d 
s i m i l a r i t y  amo n g  s t e e r  g r o up s  f o r  p h y s i o l o g i c a l  a g e  a t  
s l au g h t e r . T h e  p r i m a r y  f a c t o r  c on t r i b u t i n g  t o  t h i s  
r e l a t i o n s h i p w a s  p r o b ab l y  t h e l ow e r  e n e r gy l e v e l  o f  t h e 
r a t i on ( 65 - 7 0 %  T D N ) a s  c om p a r e d  t o  m o r e  c o n v e n t i o n a l  f e e d l o t 
p r o g r ams . O t h e r  s t u d i e s  h a v e  g e n e r a l l y  i n v o l v e d  m o r e  r a p i d  
f e e d l o t  f i n i s h i n g . C a t t l e o f  d i s s i m i l a r b i o l o g i c a l  t yp e  c a n  
n o rma l l y  b e  e x p e c t e d t o  d i f f e r  i n  p h y s i o l o g i c a l  a g e  a t  
s l au g h t e r  wh en f e d  a h i gh e n e r gy d e n s i t y d i e t . I t  i s  l i k e l y  
t h i s  s i m i l a r i t y o f  p h y� i o l o g i c a l  e n d  p o i n t  r e d u c e d  o r  
e l i m i n a t e d  d i f f e r e n c e s  f o r  v a r i o u s  c a r c a s s c h a r a c t e r i s t i c s 
b e t we e n  t h e e a r l i e r  ma t u r i n g  g r o u p s  ( A H a n d  H H ) a n d  t h e  
l a t e r m a t u r i n g  S H  g r o u p . V a r i ous f a c t o r s  u s e d  · i n  o t h e r  
s t ud i e s t o  d e t e rm i n e s l au gh t e r  e n d  p o i n t s  i n c l u d e d  q u a l i t y  
g r a d e  ( Re y n o l d s a n d  U r i ck , 1 9 84 ) , we i gh t  ( McA l l i s t e r e t  a l . ,  
1 9 7 6 )  an d a g e  ( Ko c h  e t  a l . ,  1 9 7 6 ; S m i t h  e t  a l . , . 1 9 7 Gb ; K o c h  
e t  a l . 1 9 7 9 ,  1 9 8 2 , 1 9 8 3 ) . 
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Year e ff e c t s . w e r e  � i gn i f i c an t fo r a l l p o s t w e a n i n g  
t r a i t s . I n c l u s i on o f  D O F  a s  a c o v a r i a t e  r e s u l t e d i n  
r e duc t i o n o f  t h �  r a n g e  i n  Y R  d i f fe r e n c e s  f o r  s om e  t r a i t s , 
s u g g e s t i n g  Y R  e ff e c t s  may h a v e  b e e n  p ar t i a l l y d u e  t o  D O F  
d i f fe r e n c e s . 
I t  s h ou l d  b e  n o t e d t h a t  c a t t l e  i n  t h i s  s t u dy a r e  n o t  
n e c e s s a r i l y r e p r e s en t a t i v e  o f  t he p e r f o rma n c e  o f  t h e i r  
r e s p e c t i v e b r e ed g r o u p s  ( o r b i o l og i c a l  t yp e s ) un d e r  a l l 
c o n d i t i o n s . I n fe r e n c e s  a r e , howe v e r , a p p r o p r i a t e  f o r  c a t t l e 
o f  s i m i l a r b i o l o g i c a l  t yp e . S ev e r a l  au t h o r s  h a v e  f o un d  
i m p o r t a n t  d i f f e r e n c e s  amo n g  t h e s e  s am e  b r e e d  g r o u p s  a n d  
m a t i n g  s y s t em s  ( C un d i f f e t  a l . , 1 9 7 4 ; G r e g o r y  e t  a l . ,  
1 9 7 8 a , b ;  R e y n o l d s  an d U r i c k ,  1 9 84 ) . A l t e r n a t e l y , m a n y  
s t u d i es h a v e f i n d i n g s s i m i l a r t o  t h e  c u r r e n t s t u dy ( W i l t b an k  
e t  a l . , 1 96 7 ; G a i n e s  e t  a l . , 1 9 7 8 a , b ) . R e s u l t s  o f  t h i s  
s t u dy i n d i c a t e  l i t t l e  d i f f e r e n c e  am on g t h e  H H , A H  an d S H  
b r e e d  g r o u p s  o r  t h e i r  ma t i n g  s y s t ems f o r  r e p r o d u c t i v e  
e f f i c i e n c y  o r  c a l f s ur v i v ab i l i t y . R e p r o du c t i v e  p e r f o rman ce 
is  g e n e r a l l y  r e c o gn i z e d as b e i n g  h i gh l y  d e p e n d e n t o n  
en v i r onme n t . V a r i ab l i t y amon g  s t u d i e s  an d c o n s i s t e n t 
s i gn i f i c an t y e a r  e ff e c t s  w o u l d  s e em t o  s up p o r t  t h i s  i d e a . 
B r e e d  g r o u p s  i n  t h i s  s t u dy a l l  app e a r  ab l e  t o  m a i n t a i n 
a d e q ua t e  r e p r o du c t i v e e f f i c i e n c y  u n d e r  w e s t e r n S o u t h  D ak o t a  
r a n g e  c on d i t i on s . T h e  man a g emen t an d n u t r i t i o n a f f o r d e d  
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c a t t l e i n  t h i s  s t u d y  wh i l e . l i k e l y  ab o v e  a v e r a g e  f o r  S o u t h  
D ak o t a p r o du c e r s , w a s  c om p a r ab l e  t o  m a n y  h e r d s  i n  t he s t a t e . 
T h e  c r o s s b r e d  c o w  g r o u p s  i n  t h i s  s t u dy w e r e  f o u n d  t o  
hav e a m a j o r  WWT a d v an t ag e  o v e r  t h e  H H  g r o u p . T h e  S H  g r oup 
in  p a r t i c u l a r h ad h i gh e r  w e a n i n g  p r o d uc t i o n p e r  c ow e x p o s e d . 
� i gh e r  l e v e l s  o f  S i mme n t a l b r e e d i n g  w e r e  a s s o c i a t e d w i t h  
i n c r e a s e s  i n  WWT , G E S T , D D YS T , P D Y S T an d r e d u c t i o n i n  
WTC HNG . Wh i l e t he h i gh e r  B W T  av e r a g e  o f  S H  c o w s  m a y  b e  o f  
c o n c e r n  t o  s om e  p r o du c e r s  t h e r e  w a s  n o  i m p o r t a n t  i n f l u e n c e  
on dy s t o c i a .  H i g h e r l e v e l s  o f  A n gu s  b r e e d i n g  w e r e  a s s o c i a t e d 
w i t h r e d u c t i o n s  i n  S C O N D , F C O N D , F LW T , D D YS T ,  an d D O B . A l l  
c ow g r o u p s  w e r e  ab l e  t o  m a i n t a i n  co n d i t i on an d g a i n  w e i gh t  
d u r i n g  l ac t a t i o n un d e r r a n ge c o n d i t i on s . M a l e  c a l v e s  w e r e  
h e av i e r a t  b i r t h  a n d w e an i n g , a n d e x p e r i en c e d  g r e a t e r  P D Y S T • 
. L i t t l e d i f f e r e n c e  was f o u n d  f o r  f a t  r e l a t e d t r a i t s  
am on g s t e e r  g r o up s . A d d i t i on a l l y ,  a l l g r o u p s  s p e n t  s i m i l a r 
t i m e  i n  t he f e e d l o t . S H  s t e e r s w e r e  s i g n i f i c a n t l y  h i gh e r  i n  
C C ARWT , C AR W T D , an d R E A ,  b u t  l i t t l e  d i f f e r e n c e  e x i s t e d  amo n g  
g r o u p s  fo r p e r c e n t  r e t a i l p r o d u c t y i e l d  a s  m e a s u r e d  b y  C U T . 
A sm a l l c omp o s i t i o n a l d i f f e r e n c e  fo r S H  ·s t e e r s  w a s  d e t e c t e d 
f o r  F T H , C U T an d YG . T h e  adv a n t age o f  AH s t e e r s i n  WWT o v e r  
· HH s t e e r s  w a s  n o t  e v i d e n t  a t  s l au gh t e r  w i t h  b o t h  g r o up s  
hav i n g  s i m i l a r  C C ARWT . 
W h i l e a l l g r o up s  app e a r  a d ap t ab l e  t o  w e s t e r n  S o u t h  
D a k o t a  b e e f  p r o d u c t i o n , WWT a n d  � C ARWT s u p e r i o r i t y  o f  t he S H  
� 
� 
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g r oup m a y  f a v o r  i t s  us e .  The l owe r s t o c k i n g  r a t e s  n e c e s s a r y  
w i t h  t he S H  g r o u p  w o u l d  r e du c e  t h i s adv an t a g e  b u t  a 
c o r r e s p o n d i n g  r e d u c t i on i n  v a r i ab l e  c ow c o s t s  c o u l d  r e s u l t  
i n  an  e c o n om i c  a d v a n t a g e  f o r  t h i s  g r o u p  . E x o t i c  c r o s s  
. c a t t l e a l s o  t e n d  t o  b r i n g  h i gh e r  p r i c e s  p e r  k g  a t  m a rk e t .  
A l t h o u gh u s e o f  p u r eb r e d  s i r e s  i n  t h i s  s t ud y  i s  
d i f f e r e n t t ha n  t h e c omp o s i t e s i r e s  o f  a s yn t he t i c  b r e e d i n g  
h e r d , B O D  c om p o s i t i o n d i f f e r e n c e s  f o un d i n  t h i s s t u d y  m ay b e  
a p p l i c ab l e  t o  s yn t he t i c s  b as e d  o n  s i m i l a r b i o l o g i c a l  t yp e s . 
H yp o t h e s i z i n g  o n  r e s u l t s  o f  t h i s  s t u dy ,  d e v e l o p me n t o f  a t w o  
b r e e d  s yn t h e t i c  w i t h  t he g o a l o f  ma x i m i z i n g  l e an m e a t  
p r o du c t i on s h ou l d  p r ob ab l y  i n v o l v e  c omb i n a t i on o f  a h i gh e r  
m i l k i n g  C o n t i n en t a l b r e e d  a n d  a B r i t i s h b r e e d . T h i s  
c omb i n a t i o n a pp e a r s  t o  h a v e  aub s t an t i a l a d v an t a g e  i n  b o t h  
p r e - an d p o s t we an i n g  p r o duc t i o n . O p t i m a l  b r e e d  c om p o s i t i o n 
app e a r s  t o  b e  p r e s en t  i n  t h e  S H ( 5 0 )  c ow , w h i ch c o n s i s t en t l y 
r a n k e d  h i gh w i t h i n  t h e S H  g r o u p  fo r a l l t r a i t s . T h e  v a r i o us 
P HE R F  g r o u p s  r e p r e s e n t e d an u p p e r  p e r fo rman c e  l i m i t  f o r  
s yn t he t i c s  o f  s i m i l a r c omp o s i t i o n . S y n t h e t i c  b r e e ds may n o t  
ma i n t a i n t h e � r  i n i t i a l l e v e l  o f  h e t e r o s i s . R e c omb i n a t i on 
l o s s e s , d u e  t o  b r e a k u p  o f  d e s i r a b l e  g e n e  c o mb i n a t i o n s  
r e du c e s  t he am o u n t o f  he t e r o s i s  i n  o f fs p r i n g  o f  e a c h  
s u c c e s s i v e  g e n e r a t i o n . S i n c e  t h e  l e v e l · o f  he t e r o s i s  v a r i e s 
am on g P H E R F  g r o u p s , t he y  may o f f e r  i n s i gh t  a s  t o  t he e f fe c t s  
o f  p o t e n t i a l  r e c omb i n a t i o n l o s s  i n  s yn t he t i c s . T h e  S H ( 5 0 )  
an d A H ( 5 0 )  d am s  h a v e t w i c e as ' much m a t e r n a l  h e t e r o s i s  as 
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o t he r  g r o u p s  w i t h i n  t h e i r  r e s p e c t i v e  r o t a t i o n s . I m p o r t a n t  
d i f f e r e n c e s  i n  p r ew e an i n g  p e r f o rm an c e  c o mp a r e d  t o  S H ( 3 8 )  a n d  
AH ( 2 5 )  d am s  ( wh i c h a r e  b r e d  t o  t he s am e  s i r e b r e e d ) a r e  n o t  
ap p a r en t . Th i s  s ug g e s t s  s om e  l o s s  o f  h e t e r o s i s  i n  
s y n t h e t i c s  m a y  n o t  s e r i o u s l y  a f f e c t  p e r f o rma n c e . 
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AB S T R AC T  
T h r e e  b i o l o g i c a l  t yp e s  o f  ca t t l e ,  r ep r e s e n t e d b y  3 9 6 
H e r e fo r d ( H H ) , 4 2 1 A n g u s - H e r e f o r d  c r o s s  ( A H )  an d 5 6 2  
S i mmen t a l - He r e f o r d  c r o s s  ( S H )  c ow-ca l f  p a i r s , w e r e  e v a l ua t e d  
f o r  p r e w e an i n g  g r o up a n d  b r e e d  comp o s i t i o n  w i t h i n  g r o up 
d i f f e r en c e s . L i t t l e  e v i d e n c e  w a s  f o u n d f o r  
d i f f e r en c e s  i n  c a l v i n g  p e r c e n t , wean i n g p e r c e n t , 
g r o u p  
c a l v i n g  
d a t e , f i r s t  s e r v i ce c o n c ep t i o n d a t e , d e g r e e  o f  d y s t o c i a  a n d  
p e r c en t  d y s t o c i a .  S i gn i f i c an t d i f f e r e n c e s  i n c l u d e d : 
S i mme n t a l - He r e fo r d dams l ow e s t f o r  w e i gh t - h e i gh t  ( w t -h t ) 
r a t i o  i n c r ea s e  d u r i n g  l ac t a t i o n ( . 4 0 k g / em ) an d h i g h e s t fo r 
f a l l  w t  ( 5 1 7 . 6 0 k g ) , s p r i n g  a n d  fa l l  w t - h t  r a t i o  ( 3 . 5 4 an d 
3 . 94 k g / em ) , c a l f  b i r t h  wt ( 4 0 . 0 9 k g ) an d c a l f  w e an i n g  w t  
( 2 3 0 . 7 6 k g ) ; An g u s - He r e f o r d  d ams l ow e s t fo r f a l l w t  ( 4 4 5 . 5 8 
k g ) , s p r i n g a n d  f a l l  w t - h t  r a t i o  ( 3 . 2 4 a n d 3 . 6 6 k g/ em ) a n d  
l a c t a t i o n � t  g a i n  ( 5 2 . 3 2 k g ) ; an d H e r e fo r d  dams l ow e s t fo r 
c a l f  w e a n i n g  w t  ( 1 9 7 . 7 7 k g ) a n d  h i gh e s t f o r  l ac t a t i o n  w t  
g a i n  _ ( 6 1 . 8 2 k g ) an d w t - h t  r a t i o  ( . 4 6 k g / em ) i n c r e a s e . L ow e r  
l e v e l s  o f  H � r e fo r d  b r e e d i n g i n  t h e S H  r o t a t i o n w e r e  
a s s o c i a t e d w i t h s l i gh t  i n c r e a s e s  i n  c a l f
.
w e an i n g  w t  ( P < . 0 5 ) , 
g e s t a t i o n l e n g t h  ( P < . 0 5 ) , d e g r e e  o f  d y s t o c i a  ( P < . 0 5 ) , 
p e r c e n t d y s t o c i a  ( P < . 0 5 )  an d l a c t a t i o n w t  g a i n  ( P < . O l ) . 
L ow e r  l ev e l s  o f  H e r e f o r d  b r e e d i n g  i n  t h e AH r o t a t i o n w e r e  
a s s o c i at e d w i t h s m a l l r e d u c t i on s  i n  w t - he i g h t  r a t i o  ( P < . O l ) ; 
d e g r e e  o f  d y s t o c i a  ( P < . 0 5 )  an d c a l v i n g  d a t e ( P < . 0 5 ) . S t e e r  
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c a l v e s  h a d  l a t e r  b i r t h  d a t e ( P < . O l ) , l o n g e r  g e s t a t i o n l e n g t h  
( P < . O O l ) an d h i gh e r  b i r t h  w e i gh t  ( P < . O O l ) , w e an i n g  w e i gh t  
( P < . O O l ) , p e r c e n t d ys t o c i a  ( P < . O O l )  a n d  d e g r e e  o f  d y s t o c i a  
( P < . O l )  than h e i f e r  c a l v e s . F i v e  h un d r e d  a n d  e l e v e n  s t e e r  
c a l v e s  f r om t h e  t h r e e  p r ew e an i n g  g r o u p s  w e � e  f � d  t o  
s l au gh t e r  an d f o u n d  s l i gh t l y  d i f f e r e n t  f o r  d a y s  o n  f e e d  
( P < . O O l )  b u t  w e r e  n o t  d i f f e r e n t  fo r m a rb l i n g  s c o r e  an d 
p e r c e n t k i dn e y- p e l v i c  f a t . S m a l l d i f f e r e n c e s  w e r e  ob s e rv e d  
f o r  q u a l i t y g r ad e  ( P < . O O l ) , f a t  t h i c kn e s s  
c u t ab i l i t y ( P < . O l )  a n d  y i e l d  g r a d e  ( P < . O O l ) .  
( P < . O O l ) , 
S i mm e n t a l -
He r e fo r d  s t e e r s w e r e  s i g n i f i c a n t l y  h i gh e r f o r  c o l d  c a r c a s s 
w t  ( + 2 6 . 8 0  k g ) , c a r c as s w t  p e r  d o f  a g e  ( + . 0 4 k g/ d )  an d r i b -
2 
e y e  a r e a  ( + 7 . 2 9 em ) .  H e r e f o r d  an d A H  s t e e r s  w e r e  s i m i l a r 
f o r  a l l c a r c a s s t r a i t s . C o v a r i a t e  an a l y s i s  o f  c a r c a s s d a t a  
i n d i c a t e d  d i f f e r e n c e s  amo n g  g r ou p s  f o r  f a t  t h i ck n e s s  
( P < . 0 5 ) , c u t ab l i l i t y  ( P < . O l )  an d y i e l d  g r a d e  ( P < . 0 5 )  c o l d  
c a r c a s s w e i gh t  ( P < . O l ) , c a r c a s s wt  p e r  d o f  a g e  ( P < . O l )  a n d  
r i b - e y e  a r e a  ( P < . O l )  w e r e  d u e  t o  a c omb i n a t i o n o f  h i ghe r 
t i s s u e  g r ow t h  r a t e  a n d  l ow e r  fa t - t o - l e an r a t i o  o f  t h e S H  
g r oup . 
A d ams , 
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